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NTRODUCTION: 

n selected subset of oost-menopausal women with breast cancer with a very low risk for local 
•ecurrence elsewhere in the breast, a regimen of conformal hypo-fractionated radiotherapy (5 
ractions in 2 weeks') directed to the original tumor bed with margins, could generate local 
control rates and cosmetic results eauivalent to those achieved by conventional post-operative 
-aaiotherarjy (30 fractions over 6 weeks), while being much more convenient to the patient and 
Tiore economical. 

"he specific aims of this IDEA grant are: 
.   To determine the feasibility of a regimen of hypo-fractionated conformal radiotherapy to 

he tumor bed as rjart of breast preservation in selected post-menopausal women with Tl 
breast cancers. 

'.   To exrjlore the efficacy of this approach when compared to historical local control rates 
icnieved bv standard post-operative radiation. 

'..   To ^respectively assess the role of circulating TGF-ß pre-treatment as a marker for post- 
reatment fibrosis. 

JODY: 

"he studv expected to accrue a total of 99 patients in 4 years. 

because of the studv design, that requires for patient to first refuse to undergo standard 
-aaiotherarjy to be offered the protocol, Accrual of the target population required a longer time 
nrerval. Currently, 95/99 patients have accrued to the study at the time of this final report, 
vn NYU-IRB approved protocol testing the research hypothesis of this study has been actively 
-ecruning patients since October 2000, with independent funding from those allocated by the 
current award. 

"he first 29 rjatients in the protocol signed a consent form, as part of an IRB-approved protocol 
it NYU and originally submitted to the DOD. The modifications to the protocol and the consent 
•etmired by the DOD - IRB were minor and did not affect the research questions and 
xDerimental design. The remaining patients have been accrued according to the amended 
jrotocol and consent that reflects the minor changes required by the DOD-IRB. 

Ve are herebv reporting the results obtained in 95 patients accrued. The study continues accrual 
o a total of 99 rjatients, as planned. Support for data managing and nursing for this last phase of 
he studv is provided by the Research Fund of the NYU Faculty Group Practice. 

.uly 27, 2007 
'age 2 of 7 



'able 1 describes the oattern of accrual over the years: 

Patient Accrual Figures per Year 

2000 12 

2001 11 

2002 11 

2003 14 

2004 11 

2005 9 

2006 16 

2007 11 

Average accrual/year 11.875 

TOTAL 95 

Vith reeard to Task 1 and 2 of the approved statement of work: (year 1-4) 

"^o determine the feasibilitv of a regimen of hypo-fractionated conformal radiotherapy to the 
umor bed as oart of breast preservation in selected post-menopausal women with Tl breast 
cancers, ana to explore the efficacy of this approach when compared to historical local control 
-ares achieved bv standard post-operative radiation." 

vt the time of the current reoort 95 patients have accrued (median age 68.7 years, range: 53 to 
i81 The median tumor diameter is 0.9 cm (range 0.1 to 1.9). 93/95 patients received treatment 
ma are available for follow-uo. One patient received 2/5 fractions and refused further treatment 
hereafter, for personal reasons, as previously reported. This patient remains in communication 
vim her orimary doctor and she is reported to be NED four years later. Two patients have 
signed informed consents, undergone simulation and planning, and are scheduled to start 
reatment in the next week. 

\11 93 oatients treated appear to tolerate treatment very well with only mild discomfort reported 
vnen lving prone for planning and treatment. The most common acute toxicity was grade 1-2 
vrvmema (50.54%) occurring in the treatment portal and fatigue usually manifesting in the 
jecona week of treatment. Two oatients reported Grade 1-2 nausea. Two patients developed 
Trade 1 drv desquamation and one patient grade 1 breast edema. Six patients had induration at 
he surgical scar, pre-dating radiation therapy. 
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"here are 30 oatients who have > 36 months follow-up. Preliminary assessment of late toxicity, 
ncludes 14 oatients who developed 17 events: grade 1-2 induration (5 patients), fibrosis (1 
Danent), breast edema (2 patients), teleangectasia (5 patients), hyperpigmentation (4 patients), 
vmong the 93 patients who have received treatment no recurrence has occurred: median follow- 
ip is 22.5 months. 

during the first phase of the trial we have focused on two tasks: 

")  designing a more comfortable and reliable treatment table that can enable geriatric breast 
•ancer oauents to comfortably withstand the treatment in prone position. 

vs a result of a oartnership with one of our breast cancer survivor/advocates who is an architect, 
i new. mucn more comfortable table for prone imaging and treating was designed (designing and 
engineering was generously donated by our partner-advocate) and built, as per the attached 
ligital photo (see appendix). The table underwent testing (2). A second development concerned 
he design of a mattress (picture attached). 

">  developing preliminary physics data about dose volume histogram (DVH) analysis in 
he studied copulation. 

vluch of our initial research effort has been soent in studying geometric and anatomic issues of 
he tested techniaue and their dosimetric implications. 

vs described in the original proposal the breast tissue and tumor bed, identified at CT as the 
Dosi-surgical cavity, are contoured on a 3D planning system (Varian Somavision/CadPlan) and a 
' cm margin added to determine the PTV. A plan was generated in the attempt to treat the entire 
'TV to 90% of the Description dose. Six Gy per fraction are delivered to the 95% isodose 
surface in 5 fractions over ten days to a total dose of 30 GY. 

'lanning in the prone position was feasible in 89 patients. Four patients were treated in the 
orome position (as accepted protocol deviations), 2 patients were unable to tolerate lying in the 
Drone position secondary to paraplegia and 2 patients, the position of the tumor bed was located 
'erv lateral and better treated supine. The predominant technique for treatment was a pair of 
Darailel-opposed mini-tangents. This arrangement assured good coverage given the constraints 
moosed by the PTV and its relationship to the table. 

"or the entire group the volume of breast receiving 30 Gy ranged from 10% to 45 %. We found 
leterogeneity of DVH based on the position of the original tumor bed and the size of the breast, 
n 26 of the 93 oatients, in order to successfully treat the PTV, greater than 50% of the ipsilateral 

•»reast volume received >50% of the Description dose. This was largely dependent on the size of 
he tumor bed and its location in comparison to the index breast. Doses to the heart and lungs 
vere ciinicallv insignificant. 

n conclusion, these preliminary data confirm that in most cases it is possible to successfully plan 
ma treat the PTV with rarallel opposed tangent fields without exceeding 50% of the dose to 
0% of the breast volume. 
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'ask3: (year 1-4) 
1 o orospectively assess the role of circulating TGF-ß pre-treatment as a marker for past- 
reatment fibrosis. 

vs manned, patients were seen once/week during treatment and once two weeks after, 
"hereafter thev will be seen in follow-up every 3 months for the first year and every six months 
or the following five years. At each visit, physical exam to detect clinical recurrence was 
Deribrmed and mammography films (once/year) were reviewed. The data has been regularly 
•oilected in the Oracle forms specifically developed for data collection and submitted with the 
previous annual report. 

Jince oost-radiotherapy breast fibrosis evolves over time and generally achieves a "plateau" at 
'4 to 30 months, we are planning to assess the incidence of fibrosis when 50% of the patients 
lave reached the 24 months minimum follow-ut), i.e. when at least 50 patients are available for 
carnation after 24 months from treatment (based on our original design, with a planned accrual 
)f 99 oatients). We expect to reach this point in the next 3months. 

CEY RESEARCH ACCOMPLISHMENTS: 

.   feasibility is demonstrated in the first 93/99 patients 

'.   dosimetric findings obtained in the first 93 patients appear to confirm our predictions. 

'..   ootimal patient accrual, with an acceptance rate of 96% among patients who refused the 
nitial recommendation for conventional six weeks of oost-segmental mastectomy 
ractionated radiotherapy. 

1.   divulgation of the NYU experience through publications and for formation of a School 
"or Prone Partial Breast Irradiation (see appendix 1) 

1EPORTABLE OUTCOMES; 

Jince the award was received the studv has been presented by the P.I. at following international 
ma national conferences (all CME approved): 

•V Madrid Breast Cancer Conference: changes in the treatment of breast cancer, 
vladrid. June 7-9, 2001 

\lavo Clinic Amelia Island Oncology Review Course 
vugust 15-18, 2001 

'Vlanhattan Breast Cancer Societv, Invited Speaker 
.anuarv 17, 2002 

.uly 27, 2007 
'age 5 of 7 



^ Madrid Breast Cancer Conference: changes in the treatment of breast cancer. 
vladridJune 11-13,2003 

'Vmerican Societv for Therapeutic Radiology and Oncology (ASTRO) 45' Annual 
vleeting, Salt Lake City, Utah, October 19-23, 2003 

Emerging Trends in Adjuvant Therapy of Breast Cancer: 2003 Symposium in New York, 
)ctober 24-26, 2003 

^uture of Breast Cancer Meeting, Bermuda Islands: July 22-25, 2004 

San Raffaele Universitv, Milan, Italy. Grand Rounds Invited Speaker, December 20, 
•004 

Al International Conference of ISIORT (International Society of Intraoperative Radiation 
"heraoy) Intercontinental Hotel Miami, Florida, March 17-19, 2005 

• Columbia Universitv Grand Rounds Invited Speaker, March 3, 2005 

1JCLA Universitv Grand Rounds Invited Speaker, May 23, 2005 

• HE NYU SCHOOL FOR PRONE PARTIAL BREAST IRRADIATION 

"hrough the support of this IDEA grant the NYU team has influenced the current "paradigm 
;nift" of breast radiotherapy. The technique developed at NYU was reported in the recent issue 
)i Seminars in Radiation Oncology. Investigators from other academic institutions have visited 
is to learn the techniaue and because of the growing demand we have established. 

INCLUSIONS: 

"he current trial has shown to be feasible and well tolerated. The encountered acceptance rate is 
'6% in the studied copulation and the accrual is close to the expected target (95/90). Preliminary 
losimetric findings encourage us to continue especially in view of the excellent tolerability of 
his approach. No one patient recurred so far. The study will continue in Stage 2 until at most 
>9 patients are entered. 

.onger follow-up is required for efficacy, cosmesis and to assess the role of circulating TGF-ß 
:>re-treatment as a marker for post-treatment fibrosis. 

"he studv continues as planned and approved. 
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LINICAL INVESTIGATION Breast 

•RONE ACCELERATED PARTIAL BREAST IRRADIATION AFTER BREAST- 
:ONSERVING SURGERY: PRELIMINARY CLINICAL RESULTS AND DOSE- 

VOLUME HISTOGRAM ANALYSIS 

JILVIA C. FORMENTI. M.D.,* MiNH TAM TRUONG, M.B.B.S.,* JUDITH D. GOLDBERG, SC.D.,
1 

BANDANA MUKHI. M.A.,1 BARRY ROSENSTEIN, PH.D.,* DANIEL ROSES, M.D.,* 
VICHARD SHAPIRO. M.D.,* AMBER GUTH, M.D.,* AND J. Rum DEWYNGAERT, PH.D.* 

'Denartments of Radiation Oncology and ''Surgery, New York University School of Medicine, New York, NY; tDivision of 
üostatistics. New York University School of Medicine and Biostatistics Shared Resource, New York University Cancer Institute, 

"•Jew York, NY 

*urDose: To report the clinical and dose—volume histogram results of the first 47 patients accrued to a protocol 
ii accelerated naitial breast irradiation. Patients were treated in the prone position with three-dimensional 
•onibrmal radiotheraDy after breast-conserving surgery. 
Methods and Materials: PostmenoDausal women with Stage TINO breast cancer were eligible only after they had 
irst refused to undergo 6 weeks of standard radiotherapy. Planning CT in the prone position was performed on 
i dedicated table. The Dostoperative cavity was defined as the clinical target volume, with a 1.5-cm margin added 
o determine the planning target volume. A total dose of 30 Gy at 6 Gy/fraction was delivered in five fractions 
vithin 10 days. 
Jesuits: The median age of the patients was 67.5 years (range, 51-88 years). The median tumor diameter was 
1 mm (range, 1.3-19 mm). In all patients, the prescribed dose encompassed the planning target volume. The mean 
'oiume of the unilateral breast receiving 100% of the prescription dose was 26% (range, 10-45%), and the mean 
'oiume contained within the 50% isodose surface was 47% (range, 23-75%). The lung and heart were spared by 
reating in the prone position. Acute toxicity was modest, limited mainly to Grade 1-2 erythema. With a median 
ollow-UD of 18 months, only Grade 1 late toxicity occurred, and no patient developed local recurrence, 
-onclusion: These data suggest that this approach is well tolerated, with only mild acute side effects and sparing 
ii the heart and lung.    © 2004 Elsevier Inc. 

Ivpofractionation, Prone, Partial breast irradiation, Early-stage breast cancer. 

INTRODUCTION 

' he widespread use of screening mammography during the 
jasi three decades has generated a new patient population, 
»nsisring of postmenopausal women with mammographi- 
:ailv detected, nonpalpable, early-stage, invasive breast 
cancer. These tumors are often T1N0M0. Stage I, estrogen 
ecepior-positive tumors, ideal for breast-conserving ther- 
iüy (BCT) (1). A more user-friendly regimen than the 
nandard 5-7 weeks of Dostoperative radiotherapy (RT) has 
ecenilv become an area of intense research, because in 
:enain Datient populations, including the elderly and pa- 
tents living remote from radiation facilities, BCT and/or 
josioperative RT appear to be underutilized (2-6). Because 
10 Danent subgroup has had a sufficiently low risk of 
n-breast recurrence to avoid whole breast RT routinelv 

after segmental mastectomy (7), a shorter RT regimen could 
Tiinimize inconvenience and improve the use of BCT. 

The results of five prospective randomized trials testing 
breast-Dreserving surgery with or without adjuvant RT have 
suggested that most failures occur at the tumor bed, thus 
questioning the necessity for routinely irradiating the whole 
breast (7-11). The ipsilateral breast tissue outside the tumor 
bed appears to carry a risk of recurrence or new breast 
cancer development that is equivalent to that of the con- 
tralateral breast (0.5-1% annually), which is routinely not 
irradiated. Limiting RT to a smaller target than the whole 
breast has the potential to reduce radiation-induced morbid- 
ity. The main advantage of partial breast RT is the oppor- 
tunity to increase the dose per fraction to accelerate treat- 
ment by limiting the volume of treated normal tissue. 

Although several groups have focused on brachytherapy 

venrint requests to: Silvia C. Formenti, M.D., Department of 
Radiation Oncology, New York University School of Medicine, 
66 First Ave.. New York, NY 10016. Tel: (212) 263-5055; Fax: 
212) 263-6274; E-mail: silvia.formenti@med.nyu.edu 

\ccented at the 45th ASTRO Annual Meeting as a poster 

presentation. 
Supported by Department of Defense Grant DAMD17-01-1- 

0345 and NYU Cancer Institute Core Grant. 
Received Jan 16, 2004, and in revised form Apr 13, 2004. 

Accepted for publication Apr 13, 2004. 
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"able 1. Studv schema for Stage I breast cancer 
postmenopausal, nonpalpable tumors, after segmental 

nastectomy 

nformed consent 

T Dlanning in prone 
position, determination of 
umor bed and ipsilateral 
ireast tissue 

)avs 1  10   Conformal tumor bed 
"daiotheraoy 6 Gy X 5 
ractions in 2 wk Davs 1,3, 
. 8, 10 (total dose, 30 Gy) 

)av 10        Last day of treatment 

Blood collection for 
GF-ß 

Blood collection for 
"GF-ß 

mastectomy and had refused standard postoperative whole 
breast RT. 

METHODS AND MATERIALS 

On the basis of the data originated from the initial pilot 
study (21), a regimen of 30 Gy delivered in five fractions 
within 10 davs was chosen for this study. In addition, 
because the biologically effective dose (BED) (18) calcula- 
tions predicted fibrosis as the dose-limiting toxicity, the 
study included blood collection for measurement of trans- 
forming growth factor-ßl levels in pretreatment plasma, as 
a marker for the development of post-RT fibrosis (Table 1) 
22). 

is the techniaue to deliver accelerated partial breast irradi- 
uion CAPBI) (12-16), in the early 1990s we started inves- 
lgating an external beam RT approach for partial breast 
reatment (17). Prone positioning of the patient rapidly 
•-merged as the best technique, because it minimizes move- 
neni of the target breast tissue during breathing and 
icnieves maximal scaring of normal heart and lung tissue. A 
iiiot trial was conducted at the University of Southern 
'alifornia (USC)/Kenneth Norris Jr. Cancer Center to test 
he feasibility of a short course of hypofractionated confor- 
nai RT to the tumor bed in the prone position as part of a 
jreast conservation protocol in postmenopausal patients 
vnh nonpalpable Stage pTINO breast cancer. A radiosur- 
^ery-iike technique of multiple noncoplanar fields was 
ested. and 10 patients were randomly assigned to five 
ractions of 5. 5.5, or 6 Gy, on the basis of radiobiologic 
inear-auadratic modeling. These doses were chosen in view 
)f their radiobiologic equivalence to 50 Gy in 25 fractions 
vnen an alß value of 4 is used for the prediction of tumor 
»nirol C18-20). Local control and cosmetic results were 
•xceilent at a minimal follow-up of 36 months (21). 

n 2000. funded by an IDEA grant from the Department 
)f Defense, a Phase I-II trial was initiated in the Department 
)f Radiation Oncology at New York University to deter- 
mne the feasibility and efficacy of prone, partial breast 
»nformal RT to the tumor bed in postmenopausal women 
vnh T1N0M0 breast cancer who had undergone segmental 

Justification of radiobiologic dose and fractionation 
The linear-quadratic model and the BED equation, BED 

= (nd)(l+d/a/ß), derived from this model (18, 23), were 
used to calculate the appropriate total dose and fraction size 
for the hypofractionated protocol. In this formula, n is the 
number of fractions and d is the dose/fraction. This equation 
was used to calculate the BEDs for early and late responses 
and tumor control for the hypofractionated schedule (five 
fractions of 6 Gy delivered within 10 days) and two stan- 
dard schedules (25 fractions of 2 Gy within 5 weeks, con- 
sidered the standard treatment without a boost [24] and 30 
fractions of 2 Gy within 6 weeks—46 Gy to the entire index 
breast plus a boost of 14 Gy to the tumor cavity, considered 
the standard treatment with a boost). These calculations 
assumed that full repair takes place during the >24-h inter- 
val between fractions. Table 2 lists the BEDs for tumor 
control, in addition to the early responses, erythema and 
desquamation, and late responses, telangiectasia and fibro- 
sis. The BEDs for the normal tissue acute responses were 
generally lower for the hypofractionated schedule than for 
the standard treatment regimens, indicating the risk of ra- 
diation-induced complications should be lower in the hypo- 
fractionated schedule (Table 2). 

For tumor control, if we used an alß value of 10 Gy, the 
typical value for many tumors (25, 26), in this calculation, 
the BED computed for the hypofractionated schedule would 
be substantially lower than that for the standard treatments. 

"able 2. Biologically effective doses 

vß Standard Standard Hypofractionated 
Gy) (60 Gy/30 Fx) (50 Gy/25 Fx) (30 Gy/5 Fx) 

•j-vthema 8 75Gy8 63Gy8 53Gy8 

)esauamation 11 71 Gy,, 59 Gy,, 46 Gy,, 
"elangiectasia 4 90Gy4 75Gy4 75Gy4 
;ibrosis 2 120 Gv2 100 Gy2 120 Gy2 

' umor 4 90Gv4 75 Gy4 75Gy4 

"umor* 4 86Gv4 72Gy4 75Gy4 

' umor 10 72 Gv,0 60 Gy,0 48 Gy,0 

' umor 10 68 Gv,0 57 Gy,0 48 Gy,0 

: ^aking into account cell proliferation during course of treatment. 
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lowever. if the a/ß value is set at 4 Gy, as suggested by 
•xoenmenis involving irradiation of human breast cancer 
:eil lines (18-20), the BED calculated and, therefore, the 
ikelihood of tumor control associated with the hvpofrac- 
lonated schedule, would be identical to that of the standard 
reatment without a boost. In addition, because the hypo- 
ractionated regimen also represents an accelerated protocol 
n which the total dose is delivered in onlv 10 days, less 
umor oroliferation is expected to take place compared with 
hat occurring during the standard treatment. By taking 
hese factors into account, the difference between the BEDs 
or the two schedules is reduced (Table 2). 

Jtudv population 
Jtudv eligibility was limited to postmenopausal women 

vim newlv diagnosed, nonpalpable, mammographically de- 
eded, invasive breast cancer. Menopause was defined as at 
east 2 vears without menstrual periods. In patients who had 
inaergone prior hysterectomy, follicle-stimulating hormone 
evels were measured for confirmation of Dostmenopausal 
:iatus. Onlv those with pTl, pNO or sentinel node negative, 
>r NO clinically if the tumor was <1 cm in size, were 
•ligible. In addition, patients were required to have under- 
gone segmenial mastectomy or reexcision with negative 
:urgicai margins (at least 5 mm) and to have estrogen and/or 
progesterone receptor-positive tumors. Antihormonal ther- 
ioy (tamoxifen or anastrozole) was prescribed in all cases. 

"he exclusion criteria were previous RT to the ipsilateral 
ireast. extensive intraductal component in the pathologic 
:oecimen, a diagnosis of multifocal breast cancer, or the 
nabilitv to provide informed consent as assessed by the 
'rincioal Investigator. All eligible women who were re- 
erred to the Radiation Oncology Department at the New 
'ork University School of Medicine for RT after breast- 
»nserving surgery for breast cancer were first offered stan- 
lard conventional 6-week RT. Only women who declined 
:iandard RT were given the opportunity to participate in the 
current orotocol by providing informed consent. The New 
'ork University institutional review board and the institu- 
lonal review board of the Department of Defense reviewed 
ma aoproved all aspects of the study. 

' oxicitv was assessed every week during treatment. Pa- 
tents were followed monthlv with physical examination for 
he first 90 davs, every 3 months for the first year, every 6 
nonihs for the next 4 vears, and yearly thereafter to evaluate 
heir status with rescect to recurrence, long-term toxicity, 
ma cosmesis. Toxicity was evaluated at each visit accord- 
ng to the Radiation Therapy Oncology Group toxicity 
xonng criteria. Cosmesis was recorded by the patient at 
laseline (before RT started) and then every 6 months. 

jimulation and treatment planning 
'atients were placed in the prone position on a dedicated 

reatment table for CT planning and treatment (Figs. 1-3). 
"he table has an aoerture to allow the breast to fall by 
gravity away from the chest wall (17). Patient positioning 
>n the table was established bv two lateral lasers and one 

7ig. 1. Computed tomography simulator and prone breast table 

overhead laser. Noncontrast CT images were acquired at 
3.75-mm-thick intervals from the level of the mandible to 
below the diaphragm using a GE Light speed helical CT 
scanner. CT images were transferred to a Varian Eclipse 
treatment planning system (Varian Cadplan, Varian Med- 
ical Systems, Palo Alto, CA). The surgical cavity, iden- 
tified at CT as the area of architectural distortion in the 
oreast tissue, defined the clinical target volume (CTV) 
»Fig. 4). When necessary, information obtained from the 
surgical report, mammography findings, and other avail- 
aole imaging test results were also incorporated. Al- 
though not intentionally included by the CTV, the surgi- 
cal incision was outlined by a wire placed over the 
incision before CT scanning. 

Adding a 1.5-2-cm margin to the CTV created the plan- 
ning target volume (PTV). After uniform expansion, the 
PTV was limited anteriorly by the skin and posteriorly by 
the chest wall. An additional 7-mm margin was added to the 
PTV to the field edge to account for beam penumbra, for a 
otal margin of 2.2-2.7 cm. The ipsilateral lung and heart 

were outlined. The normal ipsilateral breast tissue volume 
was defined by applying radiopaque wires in the supine 
position at the site of the medial, lateral, inferior, and 
superior borders of the classic opposite tangent breast fields 
to define the volume that would have been treated by classic 
whole breast tangents in the supine position. 
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;ig. 2. Positioning and setup. Patient is positioned prone on a dedicated table that allows the target breast tissue to fall 
reelv through the opening. 

)ose-volume constraint guidelines 
"reatment olanning was performed using the CT-defined 

'oiumes. most often through an opposed pair of mini- 
angents. When required to increase dose distribution ho- 

mogeneity, wedges were used. The isocenter was located 
approximately 5-7 cm from the midline along an axis 
passing through the center of the PTV. The dose was 
normalized to 100% at the isocenter before choosing an 

;ig. 3. Patient undergoing computed tomography acquisition of images. 
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;ig. 4. (Upper) Example of relationship of tumor bed to planning target volume (PTV) demonstrated; tumor bed in red 
vasn. PTV in blue, heart in pink, and lung in light green. PTV represents a 1.5-cm margin on tumor bed. (Lower) Digital 
econsiructed radiographs, right anterior oblique and left posterior oblique portals for left-sided breast cancer. 

sodose surface that encomDassed the PTV, typically 95%. 
)ose inhomogeneity was maintained at <110%. 

additional normal tissue dose guidelines included limit- 
ng 50% of the ipsilateral breast volume to <50% of the 
described dose. In addition, the volume of heart and lung 
nciuded in the treatment fields was exoected to be <10%. 
ield arrangements were designed to avoid the contralateral 

ireast and iosilateral lung and heart tissue completely (Fig. 
'). The dose fractionation schedule was 30 Gy delivered in 
ive fractions of 6 Gv to the 95% isodose surface, given 
vnhin 10 davs (Monday, Wednesday, Friday, Monday, 
Vednesdav). 

"arget positioning verification 
"reatment room lasers were used to verify consistent 

josnioning of the patient on the table. Daily setup repro- 
lucibilitv was ensured by leveling marks on the torso and 
nangulation marks placed on the back, ipsilateral side, and 
ireast tissue (Fig. 5). The setup was designed to identify a 
jiane orthogonal to the table that also crossed the tumor 
aviiv. Before each fraction, portal films of each field ver- 
fied treatment oositioning. Accepted variance was limited 

to 5 mm from the isocenter position indicated on the digi- 
tally reconstructed radiographs (Fig. 6). 

Statistical analysis 
An optimal two-stage Simon design was used for this 

Phase II trial (27). It is based on testing the null hypothesis 
that the 3-year local recurrence rate is >9% vs. the alter- 
native that the 3-year local recurrence rate is <3% (a 0.05; 
power of 0.80). The study was designed to enroll 31 patients 
in the first stage and up to 99 patients during the entire trial. 
If two or fewer local recurrences developed in the first 31 
jauents who completed at least 1 year of follow-up, accrual 
would continue up to completion of the second stage. If five 
or more local recurrences were observed at any point, the 
trial would be stopped. The trial will be terminated when at 
most 99 patients have been entered and followed for at least 
1 year. Any ipsilateral breast local recurrence, whether a 
true local recurrence (within the radiation field) or breast 
local recurrence outside the field, was the main study end- 
point (including both isolated recurrence and concomitant 
with distant disease). 



'98 I. J. Radiation Oncology • Biology • Physics Volume 60, Number 2, 2004 

;ig. 5. Target position verification by triangulation marks placed carefully on back, ipsilateral side, and breast. 

RESULTS 

Clinical results 
letween June 2000 and December 2003. 50 patients were 

•nrojled in the studv. A summary of the baseline patient and 
umor characteristics is orovided in Tables 3 and 4, respec- 
lvelv, and includes the mean, median, quartiles, and range 
or continuous variables and freauency distributions for 
ategorical variables. Of the 50 screened patients, 47 en- 
ered the treatment ohase and 46 completed treatment. Three 
patients were lost to follow-up before initiating any treat- 
neni. and 1 patient discontinued treatment after two frac- 
10ns for oersonal reasons. She reported no acute toxicities. 

"he median length of follow-up was 18 months (range, 
).3-40.3 months). Of the 46 patients, 30 were followed for 

• 1 vear since the start of treatment without any local 
ecurrences. ana the study continues to accrue patients. The 
ollow-up distribution is shown in Table 5. 

"he most common acute toxicity noted was Grade 1-2 
•rvthema, observed in 28 patients (60% of patients treated; 
"able 6). A preliminary assessment of late toxicity has 
ndicated that these were Drimarily Grade 1 (Table 6). A 
otal of 21 late toxicities have occurred in 14 Datients. Eight 

patients had Grade 1 induration before RT, related to the 
lurgery. Cosmetic results were rated as "good/excellent" in 
' oatients with 6-12 months of follow-up, 3 patients with 
2.1-18 months of follow-UD, 5 patients with 18.1-24 

nonihs of follow-UD, 12 patients with >2 years of follow- 
iD, ana 5 patients with >3 years of follow-up. In 2 patients, 
he cosmetic results were rated as "fair" at 12 and 18 months 
)i follow-UD. The remaining patients have had <6 months 

of follow-UD. In none of the patients was the post-RT score 
.vorse than at the baseline postoperative assessment. 

At last follow-up, no patient had developed local recur- 
rence. One patient developed metastatic squamous cell car- 
cinoma of the lung with mediastinal, paraspinal, and osse- 
ous metastases 2 months after RT completion. No evidence 
of malignancy could be found at review of the chest X-ray 
obtained before undergoing segmental mastectomy. Her 
condition rapidly deteriorated because of metastatic lung 
cancer and she died 3 months after completion of the 
protocol treatment. 

Physics results 
Of the 47 patients, 43 were treated in the prone position, 

r'our patients were treated in the supine position (as ac- 
cepted protocol deviations by the principal investigator). Of 
ihe 4 patients, 2 could not tolerate prone positioning because 
oi a preexisting physical disability (hemiparesis due to a 
previous stroke in 1 and multiple sclerosis in another 1). The 
third patient could not be treated in the prone position 
without treating the arm and contralateral breast because of 
severe Kyphosis, secondary to osteoporosis. In the fourth 
patient, the tumor bed was located lateral and superior in tail 
of Spence, and it was better treated in the supine position. 

Ihe predominant technique for treatment was a pair of 
parallel-opposed mini-tangents. This arrangement provided 
a simplified treatment setup and ensured good coverage, 
given the constraints imposed by the PTV and its relation- 
ship to the table (Fig. 4). 



'rone Dartial breast irradiation • S. C. FORMENTI et al. 499 

Jo ladMovg 

•ÜKIME   1 1 2 -200 150% 

io Depth Control 

•=ao -V    ' 
•>'S~79,0 3*5,3 Ss-0,0 
its -79,0, y* J 0,0, Z-« -S^ 

•'.' = 2357 L = -33S 

a) 

b) 

ig. 6. (a) Right anterior oblique digital reconstructed radiograph, (b) Right anterior oblique port film. 

Josimetric findings 
"he dosimetric results are summarized in Tables 7 and 8. 

' he mean and median size of the surgical cavity (CTV) at 
IT acauisition was 52 cmJ and 34 cm3 (range, 7-379 cm 3), 
esoecnvely. The mean and median volume of the PTV was 
'28 cmJ and 192 cm3 (range, 57-1118 cm 3), respectively. 

The mean and median volume of the ipsilateral breast were 
1102 cm3 and 1006 cm3, respectively (range, 258-3468 
cm3). The mean and median coverage of the PTV by the 30 
Gy isodose surface were both 100%. 

Dose-volume histograms of the ipsilateral breast volume 
(Fig. 7), lung and heart were generated. The mean and 
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"able 3. Baseline oatient characteristics (n = 47) 

•Cace 
•lack 
lispanic 
Vhite 

'erformance status at screening 
) 

Inknown 
ireast side 

.eft 
iight 

lormonal reolacement therapy 
Current 
'ast 
None 
Inknown 

'umor estrogen receptor status 
Negative 
'ositive 

"umor Drogesterone receptor status 
Negative 
'ositive 

"umor Her2-neu status bv 1HC 
) 

+ 
+ + 

Inknown 

)ata in Darentheses are percentages. 

I able 5. Follow-up distribution from start of treatment to last 
)bservation 

atients in) 
' ollow-UD (mo) Patients (n) 

1(2.1) 0-6 11 (23.4) 
2 (4.3) 6-12 6 (12.8) 

44 (93.6) 12-18 7 (14.8) 
18-24 4 (8.5) 

19 (40.4) 24 30 5 (10.6) 
24(51.1) 30-36 6 (12.8) 

1 (2.1) 36—42 8(17.1) 
3 (6.4) Total 47 (100.0) 

27 (57 5) Data in parentheses are percentages. 
20 (42.6) 

4 (8.5) Table 6. Acute and late toxicity 

15 (31.9) 
27 (57.5) Worst 

1(2.1) Toxicity grade Toxicities (n) 

1(2.1) 
46 (97.9) 

Acute (n = 28/47) 
Breast swelling 1 1 (2.7) 
Desquamation 1 2 (5.4) 

13 (27.7) 
34 (72.3) 

Erythema 1 21 (56.7) 
5 (13.5) 

Late (n = 14/47) 

31 (65.9) 
7 (14.9) 
4 (8.5) 
3 (6.4) 
2 (4.3) 

Erythema 
I'ibrosis 
I lyperpigmentation 

1 
1 
1 

2 (9.5) 
2 (9.5) 
3 (14.4) 

Induration 1 8(38.1) 
Telangiectasia 1 5 (23.8) 
Other 1 1 (4.8) 

Oata in Darentheses are percentages. 

neaian volume of the icsilateral breast receiving 100% of 
he orescription dose was 26% and 27% (range, 10-45%), 
esoecuvely. The mean and median volume receiving 50% 
)i the orescription dose was 47% and 46% (range, 23- 
'5%), respectively. We found heterogeneity in the dose- 
'oiume histogram based on the position of the original 
umor bed and the size of the breast. In 25% of patients (12 
)i 47\ to successfully treat the PTV, >50% of the ipsilat- 
•rai breast volume received >50% of the prescription dose. 

Jose to heart and lung 
"he mean percentage of lung volume receiving 20, 10, 

;na 5 Gv was 0% (range, 0-4%, 0-6%, and 0-10% re- 
:oecuvely) for all. The mean percentage of heart volume 
eceiving 20, 10, and 5 Gy was also 0% (Table 8). These 
loses were less than what has been reported using partial 
ireast irradiation in the suoine position (28). Prone posi- 

tioning allowed sparing of these critical structures by allow- 
ing the breast tissue to fall away from the chest wall and 
minimizing breast movement secondary to the respiratory 
excursion that commonly occurs in the supine position. In 
the 4 patients treated supine in this study, the median dose 
to the lung receiving 20, 10, and 5 Gy was 2%, 4%, and 6%, 
respectively. 

HSCUSSION 

The current study represents the largest reported experi- 
ence of three-dimensional conformal external beam RT for 
APBI as part of BCT. With the limitation of a short median 
follow-up of only 18 months, these results support the safety 
and feasibility of the regimen. 

Several differences characterize this approach compared 

able 4. B; iseline tumor chara« ;teristics (n = 47) 

Variable Mean 03 Median Qi Range 

vge (y) 
"umor size (mm) 
'ollow-UD (mo) 

68 
9.6 

19.0 

77 
13.0 
32.5 

68 
9.0 

16.7 

61 
7.0 
6.2 

52 -88 
1.3-19 
0.3^10.3 

'abbreviations: 03 = third quartile; Ql = first quartile. 
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"able 7. Dosimetric findings: CIV. F1V, and IB\ 

tosimetric characteristics 

BV (cm3) 
TV (cm3) 
'TV (cm3) 
Vlaximal dose <% of PD) 
'TV coverage by 95% 

sodose surface (%) 
smlateral breast coverage 

% IBV encompassed 
iv % of PD) 

00% of PD 
5% of PD 
0% of PD 

•5% of PD 
TV/IBV (%) 
'TV7IBV (%) 
TV/PTV <%) 

lable 8. Dosimetric findings of normal tissue: heart and lung 

vlean Median Dosimetric Mean Median Range 
value value 

1006 

Range 

258-3468 

characteristics (%) (%) (%) 

1102 Ipsilateral lung 
52 34 7-379 V20Gy 0 0 0-^1 

228 192 57-1118 V 10 Gy 1 0 0-6 
110 108 105-117 V5 Gy 

Heart 
2 0 0-10 

100 100 — V5 Gy 0 0 0 

26 
41 
47 
53 

5 
22 
20 

27 10-45 
40 20-68 
46 23-75 
53 27-82 

4 1-22 
20 10-55 
20 6^16 

•abbreviations: CTV = clinical target volume (tumor bed); PTV 
^tanning target volume; IBV — ipsilateral breast volume: PD — 

irescnbed dose. 

vnh those reported by other groups studying partial breast 
vT with an external beam techniaue. First, the patients in 
his studv received treatment in the prone position (21). The 
iavantages of a prone technique are manifold. Prone posi- 
loning considerably reduces the breast tissue motion sec- 
>naarv to both cardiac systole and respiration (29), limiting 
he excursion of the chest wall to <5 mm (17). With the 
nangulation technique we developed for positioning, the 
ireast tissue remains a oredictably fixed target. In addition, 
irone positioning allows for exclusion of lung and heart 
issue from the treatment fields (30). This is particularly 
eievant in view of the growing evidence of the late mor- 
bidities these organs derive from breast irradiation in the 

Abbreviation: V = percentage of volume receiving specified 
dose. 

Values rounded to nearest whole number. 

„upine position (31-35). Moreover, in women with pendu- 
lous and/or large breasts, treatment in the prone position 
allows the breast tissue to fall away from the chest wall 
ureveniing skin desquamation along the inframammary 
fold, a common occurrence when treated supine. Finally, 
based on BED modeling, instead of the approach (twice 
iailv during 5 days) used by the investigators at Beaumont 
lospital (28, 36), the treatment described consisted of five 

fractions within 10 days, a schedule that was easy to adhere 
to, even for elderly patients. 

Compared with partial breast RT using brachytherapy, 
the advantages of prone external beam APBI consist of its 
noninvasive nature, the simplicity of the field arrangements 
and ease of patient setup. Potentially, any RT facility 
equipped with CT planning and a linear accelerator could 
adopt this approach. 

However, many challenges remain associated with this 
area of breast cancer radiation research. For example, the 
exact identification of the target remains to be defined. 
Placement of clips has been suggested to facilitate the 
radiographic identification of the cavity; however, signifi- 

10 20 
lose (Gy) 

30 40 

'ig. 7. Dose-volume histogram of ipsilateral breast of 47 patients. 
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:ani CUD migration has been reported, particularly after 
ireast bioüsy procedures, making reliance on the technique 
mesuonable (37). In the current series of patients, the cavity 
•vas identified bv CT planning. Owing to our selection 
Tiieria. none of the patients had undergone chemotherapy, 
najdng it possible to plan and start RT close to the time of 
:urgery, wnen the postexcision cavity could more easily be 
dentified (Tig. 4). Although we found no correlation with 
he interval between surgery and the date of CT acquisition 
)i the CTV. it could be possible that with increasing time 
ii'ter surgery, the accuracy of CTV definition by CT might 
liminish. In the future, if APBI is revealed to be equivalent 
o standard RT. the argument of delivering it before sys- 
emic treatment could be made, in view of its brief course 
uia the ODtimal visualization of the tumor bed soon after 
:urgery. 

"he best dose/fractionation regimen for APBI also re- 
nains to be determined, in terms of both ensuring optimal 
umor control and cosmetic outcome. With regard to the 
atter. even if it is not predicted by the BED modeling, 
wpofractionated regimens may carry some risk of late 
•ifects. such as breast fibrosis and telangiectasia. Currently, 
IO Dreaictive markers are routinely available to determine 
•vnich Datients will develop radiation-induced late toxicity. 
n a studv by Li et al. (22), a statistically significant corre- 
ation between the Dretreatment plasma levels of transform- 
ng growth factor-ßl (a multifunctional cytokine implicated 
n tissue fibrosis) was found in patients treated with BCT 
vno developed severe post-RT fibrosis. The regimen used 
consisted of 40 Gv in 15 fractions to the whole breast. Other 
:tudies have revealed that specific polymorphisms of the 
ransforming growth factor-ßl promoter gene might be 
issociated with the development of severe fibrosis. 
Xiarmby et al. (38) reported that patients with the —509TT 

>r -I-869CC genotypes were 7-15 times more likely to 
levelop severe fibrosis. Future genetic studies might enable 
he identification of a Danel of polymorphic sites associated 

•vnh fibrosis that could make it possible to prospectively 
letect "fibrosis-Drone" individuals. In the current study, 
jretreatment blood samples are prospectively collected to 
est this hvpothesis. 

v more serious concern is the risk of underdosing the 
umor bed. In an associated Daper, we have discussed in 
leüth the results obtained by radiobiologic modeling of 
nosi currently used partial breast irradiation protocols. All 
egimens currently used result in inferior BED values for 
umor effects comr>ared with those achieved by 60 Gy in 30 
'ractions during 6 weeks. For the current regimen, the dose 
mosen was derived bv matching the same BED values (75 
iv2) f°r tumor control of a standard regimen of 50 Gy in 25 
ractions. When the Drotocol was originally designed, con- 
roversv existed regarding the value of adding a boost after 
.0 Gv to the whole breast, the regimen used in the RT arm 
)i National Surgical Adjuvant Breast and Bowel Project 
uinical trial B-06. For instance, in a contemporary publica- 
lon. Hayman et al. (39) had addressed the cost-effective- 

ness of an electron boost and, based on the evidence avail- 
able at that time, concluded that its ratio in quality-adjusted 
life years was "well above the commonly cited threshold for 
cost-effective care." However, in view of the evidence 
subsequently generated by the European Organization for 
Research and Treatment of Cancer trial of a dose-response 
relation at the tumor bed, the currently used experimental 
regimen could be inadequate to ensure optimal local control 
in a nonselected cohort of women treated by BCT (40). 
Whether the hypofractionated regimen (30 Gy in 5 fractions 
within 10 days) will be revealed as adequate in ensuring 
tumor control in the carefully selected population studied in 
this trial warrants long-term follow-up. 

The issue of optimal patients selection also remains un- 
answered: does a specific subset of women exist for whom 
partial breast RT is equivalent to whole breast RT? Contro- 
versy exists with regard to eligibility for partial breast RT 
studies. Contrary to the results of Vicini et al. (41), who 
reported a promising 1% local recurrence rate at a median 
follow-up of 65 months after partial breast brachytherapy, a 
recent report from another group had a 60-month actuarial 
rate of ipsilateral recurrence of 16.2% (42). Also, four of the 
six in-breast recurrences occurred outside the lumpectomy 
site, even though each of the women with recurrence had 
originally had a mammographically detected Tl primary 
(42). We deliberately focused our study on the rapidly 
growing subset of breast cancer patients, postmenopausal 
women with mammographically detected tumors, a popula- 
tion in which 96% of the detected breast cancers are Tl 
lesions (43, 44). Long-term results from the current study 
will provide important preliminary results on whether a 
more user-friendly, cost-effective regimen can be safely 
offered to this population of patients with generally indolent 
breast cancers. 

Finally, characteristic of the current study is that eligible 
patients also need to have refused to undergo the standard 
6-week RT regimen to be offered the current protocol. This 
approach reflects our bias regarding the ethics of studying a 
potentially "lesser" treatment in a setting in which the 
standard therapy has resulted in exceptionally high success 
rates. Thus, two other important measures of caution were 
taken. First, eligibility is limited to postmenopausal women 
with a very low risk of ipsilateral in-breast recurrence, 
including the requirement for estrogen receptor positivity 
and antiestrogen treatment and, second, a Stage 2 Simon 
statistical design with early stopping rules, based on a 5% 
actuarial recurrence rate at 5 years, was chosen to minimize 
the risk to the patients who have elected to participate in the 
protocol. 

In view of these results and of the many potential 
advantages, including increasing compliance to RT, 
thereby increasing the rate of breast preseivation treat- 
ment, reducing adjacent normal tissue morbidity, and 
reducing the cost of postoperative RT (5 vs. 30 treat- 
ments), we are continuing the planned accrual of 99 
patients to this trial. 
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UOLOGIC COMPARISON OF PARTIAL BREAST 
RRADIATION PROTOCOLS 
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 STELLA C. LYMBERIS, M.D.,1^ AND SILVIA C. FORMENTI, M.D.^ 

"Denartment of Radiation Oncology, Mount Sinai School of Medicine, New York, NY, and department of Radiation Oncology, 
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'uroose: To analyze the dose/fractionation schedules currently used in ongoing clinical trials of partial breast 
rradiation (PBI) by comparing their biologically effective dose (BED) values to those of three standard whole 
jreast Drotocols commonly used after segmental mastectomy in the treatment of breast cancer. 
Methods and Materials: The BED eunation derived from the linear-quadratic model for radiation-induced cell 
dlline was used to calculate the BEDs for three commonly used whole breast radiotherapy regimens, in addition 
o a variety of external beam radiotherapy, as well as high-dose-rate and low-dose-rate brachytherapy, PBI 

protocols. 
Jesuits: The BED values of most PBI Drotocols resulted in tumor control BEDs roughly equivalent to a 50-Gy 
;iandard treatment, but consistently lower than the BEDs for regimens in which the tumor bed receives a total 
lose of either 60 Gy or 66 Gy. The BED values calculated for the acute radiation responses of erythema and 
lesauamation were nearly all lower for the PBI schedules, and the late-response BEDs for most PBI regimens 
vere in a similar range to the BEDs for the standard treatments. 
Conclusion: Biologically effective dose modeling raises the concern that inadequate doses might be delivered by 
*BI to ensure optimal in-field tumor control.    © 2004 Elsevier Inc. 

»ioloeically effective dose, Breast cancer, Partial breast irradiation. 

INTRODUCTION 

"he Dossibility of completing the course of postsegmental 
nasiectomv radiotherapy (RT) in a smaller number of treat- 
nenis within a shorter Deriod is very appealing to breast 
:ancer patients. If a shorter regimen proves equivalent to 
:iandard treatment, it could represent important progress in 
erms of cost-effectiveness for RT. Furthermore, the imple- 
neniation of a breast cancer radiation protocol that is less 
:umoersome mav help to address the logistical problems 
aced bv many patients, particularly the elderly or those who 
ive distant from a RT facilitv. These difficulties cause many 
jauents who are candidates for breast conserving therapy 
liher to select mastectomv or, worse, to simply forgo the 
IT Dortion of breast conserving therapy (1-3). 

)ne method to accomplish this aim was attempted in the 
970s in several countries, where breast cancer patients 

-eceived Dostmastectomy RT to the chest wall and draining 
loaes involving the use of larger-than-standard (1.8-2 Gy) 
raction sizes or hvpofractionation. For example, in one 
:enes. posimastectomy breast cancer patients were given 12 
ractions to either a maximal absorbed dose of 51.4 Gy or a 
ninimai target dose of 36.6 Gy specified at the level of the 

mid-axilla (4, 5). Many of the patients treated with these 
lvpofractionated protocols subsequently developed chronic 
radiation injury, primarily fibrosis (4, 5). This discouraging 
experience rendered radiation oncologists hesitant to reex- 
plore the use of large-dose fractions in the treatment of 
breast cancer. 

It was onlv with the recent recognition of the common 
topographic pattern of local recurrence after segmental mas- 
tectomy that it became reasonable to question whether it is 
always necessary to irradiate the entire breast (6-10). The 
results from five prospective randomized trials are available 
to understand this issue better (6-9, 11). For instance, in the 
National Surgical Adjuvant Breast Project (NSABP)-Oö 
study, all recurrences were reported to be within, or close to, 
the quadrant of the original tumor (10, 11). In the study by 
Liljegrene? al. (9), a significantly greater rate of local re- 
currence was found in the arm receiving segmental mastec- 
tomy alone compared with the arm receiving segmental 
mastectomy and postoperative RT (18.4% vs. 2.3%). Again, 
77% of the recurrences in the surgery-alone arm occurred 
within the initial tumor bed (9). A similar geographic pat- 
tern of local recurrence was recorded in the three other 
studies (6, 7). When the local recurrence data were classi- 
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ied as "within" vs. "outside" the original tumor bed, the 
isk of recurrence outside the original tumor bed appeared to 
je eauivalent (or inferior) to the risk of new primary cancers 
n the contralateral breast, which conventionally is not irra- 
liated. The incidence of contralateral breast cancer for these 
:iudies was within the expected range of 0.5-1% annually, 
"hese data suoport the rationale for treating the original 
umor bed as the area that could most benefit from the 
iadition of adjuvant RT, omitting the remaining breast 
issue in the iosilateral and contralateral breast. 

imiting adjuvant RT to a volume inclusive of the tumor 
vnh sufficient margins among selected patients enabled the 
•XDioration of hypofractionated regimens (12-14). A num- 
ber of orotocols have since been developed with the intent 
)f treating the original tumor bed with margins. This ap- 
iroacn is based on the rationale that if much of the breast 
•eceives a dose below a clinicallv relevant threshold, it may 
je oossible to treat a small volume with larger fraction sizes 
uia maintain a low risk of late effects. Thus, through 
reatment of a smaller volume, it may be possible to avoid 
he classic dilemma encountered when a hvpofractionated 
iroiocol is substituted for a standard treatment plan, which 
s the choice of either a reduced orobability of tumor control 
>r an increased risk of late comolications (4, 5). Hypofrac- 
lonated. partial breast irradiation (PBI) is actively being 
nvesiigated by the use of several distinct techniques. Evi- 
lence is raoidly accumulating on the feasibility of perform- 
ng PBI, as well as the need for careful patient selection and 
iopropnaie techniques to encompass the target volume ad- 
xiuaiely (15). 

Uthough many PBI protocols are currently being used, 
•eiativelv few data have been reported to justify the chosen 
:cnedules bv predicting the biologic effects associated with 
he use of large-dose fractions delivered within a short 
period. Because it is possible to compare the anticipated 
jiologic effects in terms of tumor control and normal tissue 
•eacuons bv estimating a "biologic dose" through appropri- 
ate comoutations of biologically effective dose (BED) val- 
les. we report such calculations to compare the different 
'BI regimens with three commonly used protocols for 
vnole breast RT. 

METHODS AND MATERIALS 

Ireast RT protocols used in analysis 
Standard fractionation studies. The fractionation regi- 

nen usea for the RT component of breast conservation 
reatment has varied. The NSABP trials of breast creserva- 
lon (16, 17), as well as the standard arm of the recent 
•anaomized Canadian trial studving whole breast hypofrac- 
lonation (18), used 50 Gy in 25 fractions within 5 weeks 
Standard^). An alternative standard regimen is 46 Gy to 
he whole breast followed bv an electron boost of 14 Gy to 
he tumor bed (Standard60), a commonly used approach in 
he United States (19, 20). 

n addition, the European Organization for Research and 
"reatment of Cancer has assessed the role of a boost to the 

tumor excision site (21-23). In this trial, the entire breast 
was irradiated with 50 Gy in 25 fractions followed by either 
no additional treatment or 16 Gy in 8 fractions (electron 
therapy or implantation) to a total dose of 66 Gy (Stan- 
dard^). At 5 years of follow-up, the use of the boost 
significantly reduced the local failure rate to 4.3% for pa- 
tients randomized to receive the boost compared with 7.3% 
for those given whole breast treatment. These results sug- 
gest that irradiating the tumor bed with 66 Gy further 
reduces the local recurrence rate in breast conserving ther- 
apy. The main benefit was derived by patients <40 years, 
who demonstrated a 46% reduction in the rate of local 
recurrence at 5 years with the RT boost. 

PBI studies. A variety of PBI protocols have been devel- 
oped with the intent of treating the original tumor bed with 
margins; these are summarized in Tables 1, 2, and 3. PBI is 
based on the rationale that if much of the breast receives a 
very limited dose, it may be possible to treat with larger 
fraction sizes and maintain a low risk of late effects. A 
variety of treatment approaches have been used, including 
interstitial brachytherapy, MammoSite balloon brachyther- 
apy, and external beam RT (EBRT) using three-dimensional 
conformal RT, intensity-modulated RT, or intraoperative 
electron beam RT (IORT). The design, treatment, and re- 
sults of a series of brachytherapy PBI trials using both 
high-dose-rate and low-dose-rate brachytherapy included in 
the BED analysis are described in Table 1. With the exclu- 
sion of the Guy's Hospital study, which accepted patients 
with large tumors and positive margins, these series showed 
good local control rates of 0-16%, even if often reported 
with <5 years of follow-up. The European Institute of 
Oncology at the University of Milan, Italy has investigated 
IORT. They delivered electron beams of 3, 5, 7, or 9 MeV. 
Patients either received an IORT dose of 10-15 Gy after 
initial quadrantectomy with 1-2-cm clear margins, as an 
anticipated boost to EBRT, or an IORT dose of 17-21 Gy to 
the cavity as the only treatment (24). 

An EBRT approach to PBI was first used at Christie 
Hospital. They compared EBRT PBI with whole breast RT 
for patients with tumors <4 cm in size. This study demon- 
strated a greater incidence of recurrence among infiltrating 
obular histologic type tumors, 34% for PBI vs. 8% for 
vnole breast RT (25), possibly reflecting the different nat- 
irai biologic course between the two histologic types. Two 
different approaches of EBRT PBI have been reported from 
William Beaumont Hospital and New York University. The 
EBRT series are summarized in Table 2. Formenti et al. 
(26) pilot tested a Phase I feasibility study of hypofraction- 
ated conformal EBRT to the tumor bed (30 Gy in five 
fractions within 10 days) in a small series of selected 
postmenopausal women with Tl breast cancer, using im- 
mobilization in the prone position on a dedicated breast 
board (27). A Phase I-II study is currently ongoing at New 
York University. All patients completed treatment with only 
mild acute toxicity (28). Baglan et al. (29) also piloted an 
accelerated PBI protocol in patients with early-stage breast 
cancer. Three-dimensional conformal RT was used to treat 



"able 1. Accelerated Dartial breast irradiation brachytherapy (HDR and LDR) and IORT studies 

Vfedian CTV Ipsilateral 
'atients Age Tumor Margin Dose follow-up margin recurrence 

Jeries («) (y) size (cm) N stage EIC status fractionation (mo) (cm) rate (%) 

iuv's Hospital Trial 27 <70 <4 NO Positive Positive HDR 55 Gy/5 d 72 2 37 
14, 71) 

)chsner Clinic (72) 50 All Tis and 
4 

Nl Positive Negative LDR 45 Gy/4 d 75 2-3 2 

IDR 4 Gy X 8 
Villiam Beaumont 199 >40 <3 NO Negative Negative LDR 50 Gy/4 d 65 1-2 1 

lospital (13, 15, 73) 
IDR 4 Gy X 

!. 3.4 Gy X 
0 

HDR 3.72 Gy .ondon Regional 39 All <5 NO Positive Positive 91 0 16.2 
dancer Centre, in 10 Fx 

Canada (74, 75) b.i.d. 
•WOG 95-17 (12) 100 All <3 Nl Excluded Negative HDR 3.4 Gy X 

0 b.i.d. 
.DR 45 Gy/4 d 

32 2 

Virginia Commonwealth 44 All <4 Nl Excluded Negative LDR 45 Gy/4 d 42 1-2 0 
miversitv (76) 

IDR 3.4 Gy X 
0 b.i.d. 

vlammosite Multicenter 43 >45 <2 NO Excluded Negative HDR 3.4 Gy X 21 >1 — 
•'rial (77, 78) 10 b.i.d. 

National Institute of Phase All <2 NO Excluded Negative Ph I-II, HDR Phase I-II, 1-2 Phase I-II, 
)ncology, Hungary I-II, 45 4.33 Gy X 7, 57 4.4 
79) 

'hase 
II. 63 

5.2 Gy X 7; 
Phase III. HDR 

5.2 Gy X 7 
Phase III, 30 Phase III, 0 

iuronean Institute of 101 All <2.5 — Excluded Negative IORT electron 8 0 — 
)ncology (24) beam therapy 

0-21 Gy 

abbreviations: HDR 
laily. 

high dose rate; LDR = low dose rate; IORT = intraoperative radiotherapy; EIC = extensive intraductal component; CTV = clinical target volume; b.i.d. = twice 
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the lumpectomy cavity, plus a 1.5-cm margin. Their tech- 
nique used an active breathing control method to account 
for breast movement related to respiratory excursion. More 
recently, Chen et al. (30) and Vicini et cd. (31) published an 
update of their PBI experience using three-dimensional con- 
formal RT. A dosimetric comparison of the William Beau- 
mont and New York University EBRT PBI techniques is 
shown in Table 3. 

Calculation of BEDs 
The linear-quadratic model (32) was used to determine 

whether a partial breast RT protocol should result in a 
roughly equal probability of tumor control compared with a 
standard schedule, but without increasing the potential for 
normal tissue damage. The BED equation used for these 
calculations was 

BED =nd   1 + 
a/ß 

where n is the number of fractions, d is the dose per fraction, 
and a/ß is a tissue- and effect-specific parameter associated 
with the linear-quadratic model (33-35). 

A modification to this BED equation was also used to 
take intu account the cellular proliferation that may take 
place during treatment: 

BED = nd 1 + 
a/ß 

(ln2)T 

a(Tpot) 

where Tpot is the potential doubling time and T is the 
treatment time during which cellular proliferation occurs 
after any initial lag period (33, 36-38). 

Because an interfraction interval of at least 6 h was used 
for all the twice-daily high-dose-rate and EBRT treatments, 
it was likely that full repair of sublethal damage between 
fractions was permitted. It was, therefore, not necessary to 
include an incomplete repair factor in the equation used to 
calculate BEDs for these protocols. 

The equation used to calculate the BEDs for the low- 
dose-rate treatments was 

BED  = RT-M + 
2R 

(a/ß) ^ 

1 f-T 

ixl 

where R is the dose rate, T is the length of the irradiation, 
and JU, is the repair rate constant, which was equal to ln2/t1/2, 
with t1/2 the tissue repair half-time (39, 40). 

RESULTS 

BED values 
Biologically effective duse calculations were performed fur 

the three chosen standard whole breast EBRT protocols and 12 
different hvpofractionated PBI regimens delivered by EBRT, 
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"able 3. Dosimetric comDarison of EBRT partial breast techniques 

TV/TBV* 

Dsilateral breast coverage 

Lung dose' Cardiac dose* 
Jeries PTV (cm3) (%) 100% 75% 50% 25% (%) (%) 

NfYU (26) 
vledian 192 22 27 40 46 53 0 0 
•iange 57-118 10-55 10^15 20-68 23-75 27-82 0 0 

VBH (30, 31) 
vledian 240 17 21 35 46 60 16 0* 
iange 82^182 11-22 14-39 26-53 34-60 39-92 0-37 0-7 

abbreviations as in Tables 1 and 2. 
; Dlanning target volume/total breast volume. 
Dercentage of lung volume that received 5 Gy. 
Dercentage of cardiac volume that received 5 Gy (NYU) or 10 Gy (WBH). 

ligh-dose-rate, and low-dose-rate techniques. The BEDs com- 
muted are listed in Tables 4 and 5 and shown in Fig. 1. 

"he selection of the alß value used for these calcula- 
10ns was based on those reported in previous studies for 
he late effects of fibrosis and telangiectasia, in addition 
o the acute radiation reactions of ervthema and desqua- 
nauon: these values were 2, 4, 8, and 11 Gy, respectively 
37, 41, 42). The tumor control BED values were deter - 
nined using an alß value of either 4 Gy, which ha-> been 

suggested for breast carcinoma (43-46), or 10 Gy, which 
is the approximate value used for most tumors (46, 47). 
In addition, the BEDs were calculated for the low-dose- 
rate treatments assuming repair half times of 0.5, 1, 2, or 
3 h. The repair kinetics for the tissues associated with 
acute and late responses, as well as breast carcinoma 
cells, are likely to fall within this range (48). As for the 
specific repair half-time appropriate for each effect, ev- 
idence has been obtained that sublethal damage repair 

"able 4. EBRT and HDR brachvtherapy BED values* 

"umor control/ 
Yotocol Fibrosis Telangiectasia Erythema Tumor control Desquamation 

nstitution (reference) schedule {alß = 2 Gy) (alß = 4Gy) (alß = 8Gy) (alß = 10 Gy) (alß = 11 Gy) 

Jtandard«0 (16-18) 2 Gy X 25 100 75 63 60 59 
Jtandard^o (19, 20) 2 Gy X 30 120 90 75 72 71 
jtandard«,6 (21-23) 2 Gy X 33 132 99 83 79 78 
ondon Regional Cancer 3.72 Gy X 10 106 72 54 51 50 

:enter (74, 75) 
)chsner Clinic (72), William 4Gy X 8 96 64 48 45 44 

Seaumont HosDital (13, 
5) 

National Institute of 5.2 Gy X 7 131 84 60 55 54 
)ncology, Budapest, 4.33 Gy X 7 96 63 47 43 42 
lungary (79) 

Villiam Beaumont HosDital 3.85 Gy X 10 113 76 57 53 52 
31) 

hristie HosDital (25, 80) 5 Gy X 8 140 90 65 60 58 
Vew York Universitv (26, 

•8) 
OOG 95-17 (12), 

6 Gy X 5 120 75 53 48 46 

3.4 Gy X 10 92 63 48 46 45 
vlammosite Multicenter 
"rial (77), Virginia 
Commonwealth University 
76), William Beaumont 
lospital (15) 

iuroDean Institute of 21 Gy X 1* 241 131 76 65 61 
)ncology (24, 81) 

abbreviations: BED = biologically effective dose; Standard50 = whole breast to 50 Gy in 25 fractions; Standard60 — whole breast to 
'6 Gv in 23 fractions plus 14 Gy in 7 fractions to tumor bed (total 60 Gy); Standard66 = whole breast to 50 Gy in 25 fractions plus 16 Gy 
n 8 fractions to tumor bed (total, 66 Gy); RTOG = Radiation Therapy Oncology Group; other abbreviations as in Tables 1 and 2. 

BED values given in Gray. 
'Tie formula used to calculate BED mav not yield an accurate value for a single fraction treatment. 
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"able 5. LDR brachvtherapy BED values 

ieDair half- 
time (h) 

Fibrosis 
(a/ß = 2 Gy) 

"umor control/ 
telangiectasia 
(a/ß = 4 Gy) 

Erythema 
(a/ß = 8 Gy) 

Tumor control 
(a/ß = 10 Gy) 

Desquamation 
(a/ß = 11 Gy) 

)chsner Clinic (72) 
'5 Gy in 4 d 

Juv's Hospital (14, 
n 55 Gy in 5 d 

VBH (13) 50 Gy 
n 4 d 

).5 

).5 

).5 

60 53 49 48 48 
76 60 53 51 51 
104 75 60 57 56 
133 89 67 63 61 

73 64 60 59 58 
91 73 64 62 62 
127 91 73 69 68 
161 108 81 76 74 

69 59 55 54 53 
87 68 59 57 57 

123 86 68 65 63 
157 103 77 71 69 

abbreviations: BED = biologically effective dose; other abbreviations as in Table 2. 

-aies are often slower for late-resoonding normal tissues 
^omoarea with either early-responding normal tissues or 
umors (48, 49), although in some instances, this gener- 
alization mav not be correct (50-52). 

iED calculations takinq into account tumor repopulation 
t should be noted that all the PBI treatments were 

icceierated schedules, because the total dose was deliv- 
•rea in less time than with the standard whole breast 
jroiocols. Therefore, relatively little cellular prolifera- 
lon is likelv to occur during the course of these treat- 
nenis comoared with the standard protocols, in which it 
s orobable that more extensive repopulation will take 
jiace, thereby both decreasing the chances for tumor 
control and reducing the severity of acute radiation re- 
:oonses. i'he lack of tumor repopulation represents a 
joiential advantage to the use of an accelerated partial 
jreast orotocol compared with a standard treatment, and 
he BEDs were also calculated assuming cell repopula- 
lon during treatment. To accomplish this, it was neces- 
:arv to select values for a, the initial slope of the cell 
:urvivai curve, as well as for Tnot and T. For the purpose 
)f these calculations, values of 0.3 for a (43, 44), 13 days 
or T_,ot (53, 54), and a time lag of 14 days were used, 
lowever. it must be stressed that the actual values for 
mv given patient may differ significantly. This correction 
or cell oroliferation causes the tumor and acute response 
:iandard treatment BED values to decrease bv approxi- 
naielv 3-5 Gy. No change would be expected in the 
ibrosis or telangiectasia BEDs, because compensatory 
jroiiferation would not be expected to begin until after 
reatment was complete. In addition, no correction was 
naae to anv of the PBI schedules, because all the->e 

treatments are accomplished within a period that is 
shorter than the lag period even in the tumor and acutely 
responding normal tissues. Taking possible tumor growth 
during treatment into consideration results in a closer 
iiignment of BED values between the PBI and standard 
.xnedules. If cell proliferation is considered, this also 
diminishes the BEDs of the early responses for the stan- 
dard schedules compared with the accelerated PBI sched- 
ules. However, it would still be anticipated, based on the 
jompuied BEDs and only a portion of the breast being 
Irradiated, that the severity of the early responses would 
remain lower for the PBI treatments compared with the 
standard protocols. 

OISCUSSION 

The current work compared BED values at the tumor 
bed/boost area for the PBI regimens vs. those from stan- 
dard whole breast RT protocols. The tumor control BED 
values computed for the PBI protocols were uniformly 
lower than the BEDs for any of the standard schedules 
when these calculations were performed using an a/ß of 
10 Gy, considered typical of most tumors (46, 47). In 
contrast to this generalization, evidence exists from in 
vitro studies that breast carcinoma cell lines display an 
a/ß value of about 4 Gy (43-46). Use of this a/ß, with 
correction for cellular proliferation, yielded BED values 
for the PBI treatments that were generally comparable to 
the BED obtained for Standard50. However, when com- 
pared with either Standard60, a fractionation regimen 
commonly used in the United States, or Standard66, the 
BED values were nearly all lower for the PBI treatments. 
This is of significance because of available evidence 
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;ig. 1. Histograms demonstrating biologically effective dose (BED) values for partial breast irradiation (PBI), external 
leam radiotheraDy (EBRT), and brachytherapy protocols compared with standard whole breast protocols for tumor 
•ontrol. acute effects, and late effects. BED values for PBI protocols for tumor control with (a) a/ß of 4 Gy and (b) a/ß 
ii 10. BEDs for PBI protocols for (c) acute effects (erythema, a/ß of 8 Gy) and (d) late effects (fibrosis, a/ß = 2 Gy). 
lame fractionation used in Mammosite Multicenter Trial, Virginia Commonwealth University and William Beaumont 
lospital. 

:nowing a dose-response effect at the boost site, as 
lemonstrated bv the finding that the Standard66 treatment 
-esuited in a decreased incidence of tumor recurrence 
compared with the Standard50 (22). 

t is important to note, however, that a basic assump- 
ton often made in the use of BED values to predict a 
jarucular level of tumor control or normal tissue damage 
s that the probability of tumor control or the develop- 
nent of a normal tissue radiation effect is linearlv pro- 

portional to the BED. This may be correct for certain 
doses, but it is not true across an entire dose range (55). 
That is, the tumor control probability may already be 
sufficiently high, so that it is in a "plateau" region where 
relatively little benefit would be expected with increasing 
dose. Similarly, the normal tissue effect curve may be at 
a level below a threshold for a particular radiation re- 
sponse so that increasing the BED would still have no 
impact,  as long  as the threshold were not exceeded. 
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lowever. the evidence from the European Organization 
or Research and Treatment of Cancer boost trial (22) 
;uggests that the doses tested by the PBI trials were less 
nan this theoretical olateau. 

vlso. the use of relatively large doses per fraction in 
3BI Drotocols presents specific radiobiologic concerns 
because of a possible reduction in reoxygenation and 
eassonment (56). This is particularly relevant to the case 
)i IORT in which only one fraction is delivered at a high 
lose rate. It is well known that because solid tumors 
iiten outgrow their neovasculature, viable cells may be 

present that exist in a relatively low oxygen concentra- 
tion (57, 58). This radioresistance of hypoxic tumor cells 
is usually overcome through the delivery of a treatment 
dose in a series of fractions during a period of weeks, 
enabling hypoxic cells to reoxygenate and regain a nor- 
mal level of radiosensitivity (59, 60). 

Another concern regarding the use of a single fraction is the 
inability of cells to reassort through the cell cycle. Cells in 
more radioresistant phases of the cell cycle, such as the S 
ühase, tend to exhibit a greater level of survival compared with 
cells in more radiosensitive phases, such as G2 or mitosis (61). 

400 
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n a standard fractionation protocol, the surviving cells con- 
mue progression in the cell cycle so that at the next RT 
:ession. the cells may be located in a more radiosensitive phase 
ma. therefore, be killed. Normally, this sensitization associated 
vith fractionation is beneficial, because tumor cells are gener- 
ulv more actively progressing through the cell cycle compared 
vith cells that comprise late-responding tissues. 

v more generalized problem affecting all PBI tech- 
uaues is that a significant volume of normal breast tissue 
eceives a reiativelv low, but potentially carcinogenic, 
aaiation dose, thereby possibly increasing the probabil- 
iv of secondary malignancies (62). Although the avail- 
iole data suggest that the cancer risk remains elevated 
icross a large dose range (63), it may also be possible 
hat the reiativelv high doses associated with whole 
jreast RT carrv a low risk of inducing a new tumor, 
jecause a dose of 40-50 Gv may primarily cause cellular 
ethalitv rather than neoplastic transformation. In con- 
rast. for all of the PBI techniques, a substantial portion 
)f the breast receives a comparatively low noncytocidal 
lose. Potentially, PBI should be limited to an older 
copulation of women who would have a lower risk of 
leveloüing secondary malignancies. 

Jecause the therapeutic ratio for postsegmental mas- 
ectomv is a balance between local control and an ac- 
ceptable risk of late effects, even after successful mod- 
eling of tumor/normal tissue effects, the central issue of 
jptimal patient selection remains unsolved. Ideally, only 
hose patients who carry a risk of recurrence/new primary 
n the breast tissue outside the target of PBI that is 
•xoecied to be roughly equal to that of the contralateral, 
conventionally nonirradiated breast, should be offered 
his alternative treatment approach. The available data 
:uggesi that these women are likely to be postmenopausal 
earners of hormonallv sensitive, mammographically de- 
eded breast cancers. Noticeablv, these women are also 
ikelv to undergo systemic antihormonal treatment to 
eauce their bilateral breast cancer risk. Because of the 
ligh cure rate these women are likely to enjoy after 
:iandard treatment, it is very important to study PBI 
isorousiy, especially in regard to its risk of long-term 
:eaueiae and second malignancies (17). 

or most of the published brachytherapy protocols with 
ong follow-up, the total breast dose-volume histogram data 
lave not been reported. Therefore, in the absence of this 
nformation. it is not possible to compute BED values that 
ake into account partial breast volumes (64, 65). It is hoped 
hat future publications will contain this information so that 
i will be possible to compute integrated BEDs (66) for 
egions outside of the target volume representing normal 
jreast tissue. 

n addition, the follow-up for both the brachytherapy 
ma EBRT techniaues is too short for adequate assess- 
ment of long-term toxicity and fibrosis. As demonstrated 
n a series from the M. D. Anderson Cancer Center, the 
ength of time to the expression of 90% of the ultimate 

frequency of fibrosis and telangiectasia was 4.7 years 
(95% confidence interval, 4.0-4.8) (4). For all the PBI 
regimens, careful follow-up and analysis of patients for 
late effects will help ascertain whether increased late 
effects will be seen in patients treated with hypofraction- 
ated protocols. 

As a final note, increasing interest has focused on the role 
that genetic factors may play in radiosensitivity. Evidence is 
mounting that genetic alterations present in certain genes 
associated with radiation responses, such as ATM (67, 68), 
TGF-ß (69), SOD, XRCC1, and XRCC3 (70), may play an 
important role rendering some patients radiosensitive. If 
true, it is possible that the patients with these genetic alter- 
ations may represent essentially a radiosensitive subpopu- 
lation, possibly comprising 5-10% of women who develop 
breast cancer. These women may be the most likely candi- 
dates to develop radiation responses such as fibrosis, telan- 
giectasia, or chronic skin changes after RT completion. If it 
were feasible to identify these patients prospectively before 
the start of RT, they could be spared the risk of late radiation 
effects that may be associated with PBI treatment. Although 
this is not currently practical, with the advances being made 
in DNA sequencing, the time may not be far off when many 
breast cancer patients will arrive at their initial consultation 
with a radiation oncologist, armed with the DNA sequence 
of their entire genome. With this information, and the 
knowledge as to the important genetic alterations associated 
with radiosensitivity, the radiation oncologist may then be 
able to tailor the RT so that it is appropriate for each patient 
and thus to increase the probability of tumor control and 
diminish the risk of normal tissue late effects. 

CONCLUSION 

The PBI protocols that have been developed, and are 
currently being tested in clinical trials, yield BED values 
that are generally comparable to the Standard50 schedule, 
corrected for tumor repopulation during treatment. How- 
ever, the PBI BEDs are consistently lower than the BEDs 
for either the Standard60 or Standard66. Therefore, it may 
be anticipated that the tumor control rates, at least in the 
field receiving the full treatment dose, may be lower for 
the PBI regimens compared with standard whole breast 
RT using an additional boost dose to the tumor bed. 
Finding the balance between adequate imaging and irra- 
diation of the target and limiting the breast volume re- 
ceiving the full treatment dose to avoid an increased 
probability of late radiation sequelae, together with cor- 
rect selection of patients at low risk of recurrences out- 
side the target volume, underlie the successful outcome 
of PBI trials. An additional concern associated with the 
use of PBI is the unknown risk of second malignancies in 
the remaining breast tissue, outside the PBI volume. For 
all these reasons, and because equivalence to standard 
protocols for both efficacy and morbidity has yet to be 
proved, PBI protocols remain investigational. 



402 I. J. Radiation Oncology • Biology • Physics Volume 60, Number 5, 2004 

REFERENCES 

. Hokanson P. Seshadri R, Miller KD. Underutilization of 
ireast-conservmg therapy in a predominantly rural population: 
Seed for imDroved surgeon and public education. Clin Breast 
:ancer 2000:1:72-76. 

'.. Madan AK. Aliabadi-Wahle S, Beech DJ. Age bias: A cause 
)f underutilization of breast conservation treatment. J Cancer 
iduc 2001:16:29-32. 

'. Fisher B. Ore L. On the underutilization of breast-conserving 
;urgery for the treatment of breast cancer. Ann Oncol 1993; 
':96-98. 

1. Bentzen SM. Thames HD, Overgaard M. Latent-time estima- 
ton for late cutaneous and subcutaneous radiation reactions in 
i smgie-follow-up clinical study. Radiother Oncol 1989; 15: 
"67-274. 

. Bentzen SM. Overgaard M. Early and late normal tissue injury 
ifter Dostmastectomy radiotherapy. Recent Results Cancer 
ies 1993:130:59-78. 

>. Clark RM. Whelan T, Levine M, et al. , for the Ontario 
linical Oncology Group. Randomized clinical trial of breast 
rradiation following lumpectomy and axillary dissection for 
ioae-negative breast cancer: An update. J Natl Cancer Inst 
996:88:1659-1664. 

'. Forrest AP. Stewart HJ, Everington D, et al. , for the Scottish 
dancer Trials Breast Group. Randomised controlled trial of 
conservation theraDy for breast cancer: 6-year analysis of the 
Jcottish trial. Lancet 1996;348:708-713. 

!. Veronesi U. Luini A, Del Vecchio, M, et al. Radiotherapy 
ifter breast-Dreserving surgery in women with localized can- 
cer of the breast. N Engt J Med 1993;328:1587-1591. 

'. Liliegren G, Holmberg L, Adami HO, et al. , for the L ppsala- 
)rebro Breast Cancer Studv Group. Sector resection with or 
vithout Dostoperative radiotherapy for stage I breast cancer: 
ive-vear results of a randomized trial. J Natl Cancer Inst 
994;86:717-722. 

0. Fisher ER. Sass R, Fisher B, et al. Pathologic findings from 
he National Surgical Adjuvant Breast Project (protocol 6). II. 
delation of local breast recurrence to multicentricitv. Cancer 
986:57:1717-1724. 

1. Fisher B. Anderson S, Redmond CK, et al. Reanalysis and 
•esuits after 12 vears of follow-up in a randomized clinical 
rial comDaring total mastectomy with lumpectomy with or 
vithout irradiation in the treatment of breast cancer. N Enql 

. Med 1995:333:1456-1461. 
2. Kuske R. Winter K, Arthur D, et al. A phase I/II trial of 

irachvtherapy alone following lumpectomy for select breast 
•ancer: i'oxicitv analysis of Radiation Therapy Oncology 
JrouD 95-17. Proceedings of ASTRO. Int J Radiat Oncol Biol 
'hvs 2002;54(Suppl):587. 

3. Vicini F. Kini VR, Chen P, et al. Irradiation of the tumor bed 
none after lumDectomy in selected patients with early-stage 
ireast cancer treated with breast conserving therapy. J Surg 
)ncol 1999:70:33-40. 

4. Fentiman IS. Poole C, Tong D, et al. Inadequacy of iridium 
rrroiant as sole radiation treatment for operable breast cancer. 
iur J Cancer 1996;32A:608-611. 

5. Vicini FA. Baglan KL, Kestin LL, et al. Accelerated treatment 
)f breast cancer. J Clin Oncol 2001;19:1993-2001. 

6. Fisher B. Anderson S, Bryant J, et al. Twenty-year follow-up 
)f a randomized trial comDaring total mastectomy, lumpec- 
omv, and lumpectomy plus irradiation for the treatment of 
nvasive breast cancer. N EnglJ Med 2002;347:1233-1241. 

7. Fisher B. Bryant J, Dignam JJ, et al. Tamoxifen, radiation 
neraDy, or both for prevention of ipsilateral breast tumor 
•ecurrence after lumDectomy in women with invasive breast 
•ancers of one centimeter or less. J Clin Oncol 2002:20:4141- 
'149. 

18. Whelan T, MacKenzie R, Julian J, et al. Randomized trial of 
breast irradiation schedules after lumpectomy for women with 
lymph node-negative breast cancer. J Natl Cancer Inst 2002; 
94:1143-1150. 

19. Gage I, Recht A, Gelman R, et al. Long-term outcome fol- 
'owing breast-conserving surgery and radiation therapy. Int J 
Radiat Oncol Biol Phys 1995;33:245-251. 

20. Abner AL. Recht A, Vicini FA, et al. Cosmetic results after 
surgery, chemotherapy, and radiation therapy for early breast 
-ancer. Int J Radiat Oncol Biol Phys 1991;21:331-338. 

71. Romestaing P, Lehingue Y, Carrie C, et al. Role of a 10-Gy 
boost in the conservative treatment of early breast cancer: 
Results of a randomized clinical trial in Lyon, France. J Clin 
Oncol 1997;15:963-968. 

22. Bartelink H, Horiot JC, Poortmans P, et al. Recurrence rates 
after treatment of breast cancer with standard radiotherapy 
with or without additional radiation. N Engl J Med 2001;345: 
1378-1387. 

23. Denham JW. The radiation dose-response relationship for 
control of primary breast cancer. Radiother Oncol 1986;7: 
107-123. 

24. Veronesi U, Orecchia R, Luini A, et al. A preliminary report 
of intraoperative radiotherapy (IORT) in limited-stage breast 
cancers that are conservatively treated. Eur J Cancer 2001; 
37:2178-2183. 

25. Ribeiro GG, Magee B, Swindell R et al. The Christie Hospital 
Breast Conservation Trial: An update at 8 years from incep- 
tion. Clin Oncol (R Coll Radiol) 1993;5:278-283. 

26. Formenti SC, Rosenstein B, Skinner KA, et al. Tl stage breast 
cancer: Adjuvant hypofractionated conformal radiation ther- 
apy to tumor bed in selected postmenopausal breast cancer 
patients—Pilot feasibility study. Radiology 2002;222: 
171-178. 

27. Jozsef G, Luxton G, Formenti SC. Application of radiosurgery 
principles to a target in the breast: A dosimetric study. Med 
Phys 2000;27:1005-1010. 

28. Formenti SC. Truong MT, Goldberg JD, et al. Prone acceler- 
ated Dartial breast irradiation after breast-conserving surgery: 
Preliminary clinical results and dose-volume histogram anal- 
ysis. Int J Radiat Oncol Biol Phys 2004;60:493-504. 

7.9. Baglan KL, Sharpe MB, Jaffray D, et al. Accelerated partial 
breast irradiation using 3D conformal radiation therapy (3D- 
CRT). Int J Radiat Oncol Biol Phys 2003;55:302-311. 

30. Chen P, Vicini F, Kestin L, et al. Long-term cosmetic results 
and toxicity with accelerated partial breast irradiation (APBI) 
utilizing interstitial brachytherapy. Int J Radiat Oncol Biol 
Phys 2003;57:S309-S310. 

21. Vicini FA, Remouchamps V, Wallace M, et al. Ongoing 
clinical experience utilizing 3D conformal external beam ra- 
diotherapy to deliver partial-breast irradiation in patients with 
early-stage breast cancer treated with breast-conserving ther- 
apy. Int J Radiat Oncol Biol Phys 2003;57:1247-1253. 

32. Lea D, Catcheside, DG, et al. The mechanism of the induction 
by radiation of chromosome aberrations in Trasdescantia. 
J Genet 1942;44:216-245. 

33. Fowler JP. The linear-quadratic formula and progress in frac- 
tionated radiotherapy. Br J Radiol 1989;62:679-694. 

34. Barendsen GW. Dose fractionation, dose rate and iso-effect 
relationships for normal tissue responses. Int J Radiat Oncol 
Biol Phys 1982;8:1981-1997. 

35. Thames HD Jr, Withers HR, Peters LJ, et al. Changes in early 
and late radiation responses with altered dose fractionation: 
Implications for dose-survival relationships. Int J Radiat On- 
col Biol Phvs 1982;8:219-226. 



•BI BED analysis • B. S. ROSENSTEIN et al. 1403 

Travis EL. Tucker SL. Isoeffect models and fractionated ra- 
liation  theraDy.  Int J Radiat Oncol Biol Phys   1987;13: 
"83-287. 
Thames HD. Bentzen SM, Turesson I, et al. Time-dose factors 
n radiotheraDy: A review of the human data. Radiother Oncol 
990:19:219-235. 

Dale RG. Time-deDendent tumour repopulation factors in lin- 
•ar-auaaratic equations—Implications  for treatment strate- 
gies. Radiother Oncol 1989;15:371-381. 
Dale RG. The application of the linear-quadratic dose-effect 

•auanon to fractionated and protracted radiotherapy. Br J 
iadiol 1985;58:515-528. 

Thames HD. An "incomDlete-repair" model for survival after 
ractionated and continuous irradiations. Int J Radiat Biol 
ielat Stud Phys Chem Med 1985;47:319-339. 

Turesson I. Thames HD. Repair capacity and kinetics of 
luman skin during fractionated radiotherapy: Erythema, des- 
mamaiion, and telangiectasia after 3 and 5 year's follow-up. 
iadwther Oncol 1989;15:169-188. 

Archambeau JO. Pezner R, Wasserman T. Pathophysiology of 
rradiated skin and breast. Int J Radiat Oncol Biol Phys 
995:31:1171-1185. 

Steel GG Deacon JM, Duchesne GM, et al. The dose-rate 
•ffect in human tumour cells. Radiother Oncol 1987:9:299- 
UO. 
Matthews JH. Meeker BE, Chapman JD. Response of human 
umor cell lines in vitro to fractionated irradiation. Int J Radiat 
incol Biol Phvs 1989;16:133-138. 

Yamada Y. Ackerman I, Franssen E, et al. Does the dose 
ractionation schedule influence local control of adjuvant ra- 
liotheraDy for early stage breast cancer? Int J Radiat Oncol 
Hoi Phvs 1999;44:99-104. 

Williams MV. Denekamp J, Fowler JF. A review of alpha/beta 
•atios for exDerimental tumors: Implications for clinical stud- 
es of altered fractionation. Int J Radiat Oncol Biol Phvs 
985:11:87-96. 

Thames HD. Hendry JH. Fractionation in radiotherapy. Lon- 
lon: Tavlor and Francis; 1987. 
Thames HD Jr. Withers HR, Peters LJ. Tissue repair capacity 
ma reDair kinetics deduced from multifractionated or contin- 
IOUS irradiation regimens with incomplete repair. Br J Cancer 
Juvpl 1984;6:263-269. 
Brenner DJ. Hall EJ, Huang Y, et al. Optimizing the time 

•ourse of brachvtherapy and other accelerated radiothera- 
3eutic protocols. Int J Radiat Oncol Biol Phys 1994;29: 
593-901. 
Fowler JF. Are half-times of reDair reliably shorter for tumors 
han for late normal-tissue effects? Int J Radiat Oncol Biol 
Jhvs 1995;31:189-190. 
Roias A, Joiner MC. The influence of dose per fraction on 
•eDair kinetics. Radiother Oncol 1989;14:329-336. 
Steel GG. Recoverv kinetics deduced from continuous low 
lose-rate exDeriments. Radiother Oncol 1989;14:337-343. 
Stanton PD. Cooke TG, Forster G, et al. Cell kinetics in vivo 
)i human breast cancer. Br J Surg 1996;83:98-102. 

Haustermans K. Fowler J, Geboes K,  et al.  Relationship 
between Dotential doubling time (Tpot), labeling index and 
luration of DNA svnthesis in 60 esophageal and 35 breast 
umors: Is it worthwhile to measure TDOt? Radiother Oncol 
998:46:157-167. 

HalDerin E, Schmidt-Ullrich RK, Perez CA, et al. The disci- 
pline of radiation oncology. 4th ed. Philadelphia: Lippincott 
Villiams & Wilkins: 2004. 

Hall E. Radiobiology for the radiologist. Philadelphia: Lippin- 
•ott Williams & Wilkins; 2000. 
Powers  WE.  Tolmach LJ.  Demonstration of an  anoxic 

•omDoneni in a mouse tumor-cell population by in vivo 

assay of survival following irradiation. Radiology 1964;83: 
328-336. 

58. Thomlison R. Gray LH. The histological structure of some 
human lung cancers and the possible implications for radio- 
therapy. Br J Cancer 1955;9:539-549. 

59. Van Putten L. Tumour reoxygenation during fractionated ra- 
diotherapy: Studies with a transplantable mouse osteosar- 
coma. Eur J Cancer 1968;4:172-182. 

bO. Van Putten LMKR. Oxygenation status of a transplantable 
tumor during fractionated radiation therapy. / Natl Cancer 
Inst 1968;40:441-451. 

bl. Terasima T, Tolmach LJ. Variations in several responses of 
rieLa cells to x-irradiation during the division cycle. Biophys 
j 1963;3:11-33. 

b2. Preston DL, Mattsson A, Holmberg E, et al. Radiation effects 
on Dreast cancer risk: A pooled analysis of eight cohorts. 
Radiat Res 2002;158:220-235. 

63. Hall EJ, Wuu CS. Radiation-induced second cancers: The 
impact of 3D-CRT and IMRT. Int J Radiat Oncol Biol Phys 
2003;56:83-88. 

54. Dale RG. The use of small fraction numbers in high dose-rate 
gynaecological afterloading: Some radiobiological consider- 
ations. Br J Radiol 1990;63:290-294. 

65. Orton CG High-dose-rate brachytherapy may be radiobiolog- 
icaily superior to low-dose rate due to slow repair of late- 
responaing normal tissue cells. Int J Radiat Oncol Biol Phys 
2001;49:183-189. 

06. Dale RG, Coles IP, Deehan C, et al. Calculation of integrated 
biological response in brachytherapy. Int J Radiat Oncol Biol 
Phys 1997;38:633-642. 

57. Iannuzzi CM, Atencio DP, Green S, et al. ATM mutations in 
female breast cancer patients predict for an increase in radia- 
tion-induced late effects. Int J Radiat Oncol Biol Phys 2002: 
52:606-613. 

58. Angele S, Romestaing P, Moullan N, et al. ATM haplotypes 
and cellular response to DNA damage: Association with breast 
;ancer risk and clinical radiosensitivity. Cancer Res 2003;63: 
8717   8725. 

59. Quarmby S, Fakhoury H, Levine E, et al. Association of 
fransforming growth factor beta-1 single nucleotide polymor- 
phisms with radiation-induced damage to normal tissues in 
breast cancer patients. Int J Radiat Biol 2003;79:137-143. 

70. Andreassen CN, Alsner J, Overgaard M, et al. Prediction of 
normal tissue radiosensitivity from polymorphisms in candi- 
date genes. Radiother Oncol 2003;69:127  135. 

i\. Fentiman IS, Poole C, Tong D, et al. Iridium implant treat- 
ment without external radiotherapy for operable breast cancer: 
4 pilot study. Eur J Cancer 1991;27:447-450. 

"72. King TA, Bolton JS, Kuske RR, et al. Long-term results of 
wide-field brachytherapy as the sole method of radiation ther- 
apy after segmental mastectomy for T(is,l,2) breast cancer. 
im J Surg 2000;180:299-304. 

73. Vicini FA. Kestin L, Chen P, et al. Limited-field radiation 
theraDy in the management of early-stage breast cancer. / Natl 
Cancer Inst 2003;95:1205-1210. 

74. Perera F. Engel J, Holliday R, et al. Local resection and 
brachytherapy confined to the lumpectomy site for early breast 
cancer: A Dilot study. / Surg Oncol 1997;65:263-268. 

75. Perera F, Yu E, Engel J, et al. Patterns of breast recurrence in 
a pilot study of brachytherapy confined to the lumpectomy site 
for early breast cancer with six years' minimum follow-up. Int 
J Radiat Oncol Biol Phys 2003;57:1239-1246. 

76. Arthur DW, Koo D, Zwicker RD, et al. Partial breast 
brachytherapy after lumpectomy: Low-dose-rate and high- 
dose-rate experience. Int J Radiat Oncol Biol Phys 2003; 
56:681-689. 

77. Keisch M, Vicini F, Kuske RR, et al. Initial clinical expe- 
rience with the MammoSite breast brachytherapy applicator 



404 I. J. Radiation Oncology • Biology • Physics Volume 60, Number 5, 2004 

n women wiih earlv-stage breast cancer treated with 
ireast-conserving therapy. Int J Radiat Oncol Biol Phys 
-003:55:289-293. 

8. Keisch M. Vicini F, Kuske R, et al. Two-year outcome with 
he MammoSite breast brachvtherapy applicator: Factors as- 
»ciated with orjtimal cosmetic results when performing par- 
tal breast irradiation r Abstract]. Int J Radiat Oncol Biol Phys 
•003:57:S315. 

9. Polgar C, Sulyok Z, Fodor J, et al. Sole brachytherapy of 
he tumor bed after conservative surgery for Tl  breast 

cancer: Five-year results of a phase I-II study and initial 
findings of a randomized phase III trial. / Surg Oncol 
2002;80:121-129. 

80. Magee B, Swindell R, Harris M, et al. Prognostic factors for 
breast recurrence after conservative breast surgery and radio- 
therapy: Results from a randomised trial. Radiother Oncol 
1996;39:223-227. 

81. Orecchia R, Ciocca M, Lazzari R, et al. Intraoperative radia- 
tion therapy with electrons (ELIOT) in early-stage breast 
cancer. Breast 2003;12:483-490. 



(LSEVIER 

Seminars in 

RADIATION 
ONCOLOGY 

xternal-Beam Partial-Breast Irradiation 
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Mthouqh most studies treating patients with partial-breast irradiation have used brachy- 
heraDy, giving such treatment with external-beam techniques has many potential advan- 
aqes. However, there is only limited published experience using this approach. These 
nciude a randomized trial of Dartial-breast and whole-breast irradiation performed at the 
-hristie Hosoital in Manchester, England, and pilot studies (using much more rigorous 
-election criteria and soßhisticated treatment planning) from groups at the University of 
Southern California. New York University (using prone positioning of patients), and the 
A/M Mam Beaumont HosDital (using the supine position). A multi-institutional pilot trial based 
m ihe latter technique has been completed, which was designed to test the feasibility of 
isinq this approach in the cooperative oncology group setting. The unprecedented rapidity 
viih which the studv completed its target accrual indicates the degree of interest in this 
• Dproacn. This review focuses on the rationale and the reported studies of external-beam 
iartial-breast radiation and identifies some specific issues and remaining problems asso- 
rted with this aDproach. 
:emin Radiat Oncol 15:92-99 © 2005 Elsevier Inc. All rights reserved. 

» lthough most studies treating patients with partial-breast 
~~A.irradiation (PBI) have used brachytherapy, in theory an 

•xternal-beam aDproach to PBI (EB-PBI) has many potential 
;avantages. First, it easily allows treatment to be given after 
umDectomy when complete pathological information about 
tie original tumor and the status of the resection margins are 
;vaiiable. without subjecting the patient to a second invasive 
:urgicai procedure or anesthesia. Second, it is likely that EB- 
T>I will be easier for radiation oncologists and cooperative 
mcoiogy groups to adopt than brachytherapy approaches 
because the technical demands and duality assurance issues 
;re mucn simüler. Third, treatment results with EB-PBI may 
ne more uniform between radiation oncologists because the 
jutcome deDends less on the experience and operative skills 
)i the Derson performing the procedure than does brachy- 
tieraDy (especially using interstitial implantation). Fourth, it 
:eems less likelv that technical issues arising during EB-PBI 
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will require the procedure to be aborted, as is not infre- 
quently the case when brachytherapy techniques are used. 
Fifth, EB-PBI is intrinsically likely to generate better dose 
homogeneity and thus possibly may result in a better cos- 
metic outcome when compared with brachytherapy. Finally, 
EB-PBI may be considerably cheaper than brachytherapy 
techniques, especially if an extra surgical procedure and 
(for low-dose rate brachytherapy) hospitalization are 
needed.1'2 

Despite these theoretical advantages, there has been very 
little study of EB-PBI. This may be because of the difficulty ot 
adequately locating the excision cavity and planning multi- 
field photon treatment plans in the era before computed to- 
mography (CT)-based simulation. At present, there are only a 
few published experiences using EB-PBI. These include a 
randomized trial comparing partial-breast and whole-breast 
irradiation performed in England3'45 and pilot studies (using 
nucn more rigorous selection criteria and sophisticated 
reatment Dlanning) from groups at the University of South- 

ern California and New York University6-8 (using prone po- 
sitioning of patients) and the William Beaumont Hospital 
(using the supine position).9'10 A multi-institutional pilot 
trial based on the latter technique was recently conducted by 
the Radiation Therapy Oncology Group (RTOG 0319) under 
the direction of Dr Frank Vicini to test the feasibility of using 
fhis approach in the cooperative oncology group setting, and 
the study rapidly completed its target accrual. 

This review therefore focuses on the techniques and re- 
ported outcome of reported studies of EB-PBI. I will also 

1053-4296/05/$-see front matter © 2005 Elsevier Inc. All rights reserved. 

ioi:10.1016/i.semradonc.2004.10.008 
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cientifv some specific issues and problems associated with 
his aDproach. 

\ Phase III Trial of External-Beam Partial- 
breast Irradiation (EB-PBI) 
)nlv 1 prospective randomized trial has been performed to 
:omDare tile efficacy of EB-PBI to whole-breast radiotherapy, 
his trial was conducted at the Christie HosDital, Manches- 

er. United Kingdom.3"5 Seven hundred eight patients with 
umors 4 cm or smaller of infiltrating ductal or lobular his- 
ology were randomized after segmental mastectomy to un- 
lergo radiation to a small breast held, including the tumor 
3ed (the limited field [LF] arm) or to the whole breast and 
"egionai nodes (the wide field [WF] arm). The 2 arms differed 
n field size, treatment modality, and dose fractionation. For 
he LF arm. the dose given was 40 to 42.5 Gy in 8 fractions 
lelivered over 10 davs, using 8 to 14 MeV electrons (pre- 
cnbed to the 100% isodose line) with an average field size of 
5 X 6 cm. For the WF arm. the dose was 40 Gy in 15 
ractions. over 21 days, delivered by opposed tangential 
Leids to the breast and a seDarate anterior supraclavicular/ 
ixiilarv nodal held using 4-MV photons. 

Vith a median follow-UD of 65 months, the 8-year actuar- 
ai overall survival rates were comparable between the arms 
73% and 71% for the LF and WF groups, respectively). The 
»ctuariai breast recurrence rates (scoring only first failure 
lies) were 20% for patients in the LF arm and 11% for 
oatients in the WF arm (P = 0.0008). However, when the 
lata were analvzed according to histological type, the risks of 
ocal failure in Datients with infiltrating ductal carcinoma 
vere i5% in the LF and 11% in the WF arm. whereas, for 
patients with infiltrating lobular carcinoma, the respective 
"ecurrence rates was 34% and 8%. A high recurrence rate was 
bund in both arms for patients with extensive ductal carci- 
loma in situ (21% and 14%, respectively). Importantly, the 
ailure rate outside the auadrant of the original tumor for 
patients with infiltrating ductal carcinoma (IDC) in the LF 
;rm was omv 5.5%. Salvage surgery was possible in 86% and 
'0% of Datients in each arm, respectively. Cosmetic results 
vere worse m the LF arm than the WF arm. with much more 
Lbrosis and telangiectasias in the former group. The authors 
:onciuded that, although the recurrence rate in the breast 
uter lumDectomy and wide field irradiation was comparable 
vith others reDorted in the literature of the time, in selected 
UDsets of Datients limited field irradiation resulted in a 
righer breast recurrence rate.4 

here were manv differences in the way patients in this 
nai were managed and how patients are treated today. Axil- 
arv dissection was not performed, and systemic therapy was 
lot used. Most Datients did not have pre- or postoperative 
nammograpnic evaluation, and specimen margins were not 
•vaiuated microscoDically. Therefore, although the local fail- 
ire rate was considerably higher in the LF arm than the WF 
;rm ior the Dopulation as a whole, the much smaller differ- 
•nce Detween the arms for Datients with infiltrating ductal 
:arcmomas actuailv is quite encouraging that the approach of 
.B-PBI is worth Dursuing. The high rate of telangiectasias in 

the LF arm is not surprising, considering the high skin dose 
delivered by pure electron beams, but the increased risk of 
Lbrosis mav also be a problem facing EB-PBI approaches 
dsmg photons. This issue will be discussed at some length 
'ater. 

Prone External-Beam Partial- 
Breast Irradiation 

Rationale for Prone Patient Positioning 
One common challenge that must be addressed by any tech- 
nique of breast radiotherapy is the anatomic/geometric con- 
straints required to treat the breast tissue volume, a target that 
is generally shaped as a concave, irregular dome. Although 
several techniques have been studied, treatment of the entire 
breast using opposed tangent fields in the supine position 
tends to include some part of the lung and, for left-sided 
tumors, the heart. Moreover, respiratory and systolic motion 
otten increase the amount of normal tissue unnecessarily 
treated. 

Positioning patients prone considerably reduces the breast 
tissue motion associated with both cardiac systole and respi- 
ration,11 limiting the excursion of the chest wall to less than 
5 mm.l2 In addition, prone positioning allows for exclusion 
ot lung and heart tissue from the treatment fields.13 This is 
particularly important in view of the growing evidence that 
treatment ot these organs may cause late morbidity.14"17 Most 
importantly, if patients are placed on a special tabletop that 
has a hole in it (Fig. 1) that allows the breast tissue to fall away 
trom the chest wall, the excision cavity can be treated by 
Lields that do not include any portions of the heart or lungs, 
figure 2 shows how both the shape and the position of the 
excision cavity vary when the same patient is imaged either in 
the supine (Fig. 2A) or prone position (Fig. 2B). When prone, 
the cavity tends to be dislocated away from the chest wall by 
gravity. 

initial Studies Using the Prone Position 
Based on these considerations, we initiated a research pro- 
gram at the University of Southern California, Los Angeles, to 
study EB-PBI given in the prone position. We started by 
exploring the physical and dosimetric aspects of multiple 
noncoplanar lields directed toward the tumor bed in the 
prone patient.12 The first dedicated table for prone partial- 
breast treatment was designed. Dosimetry was analyzed for 2 
"radiosurgical" approaches, one using 7 fixed horizontal 
beams and the second using six 45° arcs and a 90° sagittal arc; 
both used a 4-MV x-ray beam with a 32-mm diameter colli- 
mator. Both held arrangements resulted in adequate tumor 
coverage; the minimum target dose was 83% of the dose 
maximum in the fixed-beam arrangement and 86% in tht 
multiarc setup. 

Originally, we had envisaged using this approach in a ra- 
diosurgery-like fashion, with the long-term aim of substitut- 
ing breast radiosurgery for surgical excision for patients with 
breast cancers measuring 5 mm or smaller. However, al- 
though   giving  such  treatment  was  technically  feasible, 
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igure 1 Example of a patient under- 
going CT simulation in prone posi- 
lon, on a dedicated treatment table 
iesigned for partial-breast radiation. 
Color version of figure is available 
miine). 

canned excisions performed 8 to 10 weeks later in the first 3 
natients so treated with 15, 18, and 20 Gy showed that re- 
:idual viable tumor was consistently within the treated target 
'oiume. This was desüite the careful selection of the study 
Patients, who each had a tiny mammographically detected 
umor. marked by a tantalum clip placed at the time of core 
jioDsy. This small but significant experience redirected the 
'esearcn goal to the exploration of a hypofractionated ap- 
nroacn, directed to treat the postoperative tumor cavity with 
;aded margins. 

-election of a Dose-Fractionation Scheme 
or Postoperative Prone EB-PBI 
he accessibility of the target in patients treated in the prone 

nosition, unencumbered by constraints of treating surround- 
ng normai lung or heart tissue, together with the relatively 
mad volume associated with PBI created the ideal conditions 
o satelv explore an accelerated, hypofractionated regimen. 

\t the time, the only prospective randomized study on this 
ssue was that of Baillet and colleagues18 at the Necker Hos- 
pital in Paris. They reported equivalent local control but in- 
erior cosmetic results at 4 vears in elderly patients receiving 
; nvpofractionated regimen of 23 Gy delivered in 4 fractions 
iver 3 weeks to the entire breast, compared with a regimen of 
15 Gv in 25 tractions given in 5 weeks. Therefore, it became 
lecessarv to derive a rational dose-fractionation regimen of 
icceierated radiation theraüy from published preclinical and 
linical data. 

)V applying the linear-quadratic cell survival model with 
;n aiüha-beta value for breast carcinoma of 4,19"21 a dose of 
0 Gv given in 5 fractions of 6 Gy per fraction over 10 days 

vas iound radiobiologically equivalent in tumor control to a 
lose of 50 Gv given in 25 fractions of 2 Gy over 5 weeks, 

which is the dose commonly used in studies of the National 
Surgical Adjuvant Breast And Bowel Project.22 At the same 
time, this hypofractionated scheme resulted in the same bio- 
logic equivalent dose (BED) for late breast tissue complica- 
tions23 (including desquamation, fibrosis, erythema, and tel- 
angiectasia) as that of 60 Gy in 30 fractions, a regimen used at 
many institutions to treat the tumor bed (46-50 Gy to the 
whole breast plus a boost of 10-14 Gy), which has been 
reported to have excellent cosmetic results.24 Table 1 com- 
pares the BED values for these 3 different fractionation regi- 
nens ana for the fractionation regimen used in supine EB- 
PBI for different endpoints. 

Rationale for Patient 
Selection Criteria for Prone EB-PBI 
Postoperative 
The impetus for investigating prone EB-PBI was the epidemi- 
ological evidence of a rapidly emerging new breast cancer 
population in the United States because of the widespread 
use ot mammographic screening: postmenopausal women 
with small, estrogen receptor-positive tumors, who com- 
monly have negative nodes and 5- and 10-year survival rates 
of 95% and 85%, respectively.25'26 Because of the limited risk 
ot breast cancer death in this subset of patients, the likelihood 
that potentially suboptimal radiation therapy would affect 
survival seemed very small, making it acceptable to conduct 
trials exploring PBI in this group. Moreover, there is evidence 
that postoperative radiation therapy has often been omitted 
for elderly women, especially those with significant comor- 
bid conditions because of concern that they will not be able to 
complete (for medical or logistical reasons) 6 weeks of daily 
treatment.27-29 It appeared that a more cost-effective, user- 
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iqure 2 One month after breast surgery, the same patient as in 
igure 1 was scanned both in the supine (Fig. 2A) and prone (Fig. 
B) positions. Radio-opaque markers were placed while supine to 
lehne the lateral extent of the breast and to identify the lumpectomy 
:car. A suDine and a prone scan at the level of the lateral marker are 
:nown to exemDÜfy how the shape and site of the postsegmental 
•xcision seroma varies based on Datient's position. When prone, the 
•aviiv elongates and is more distant from the chest wall. 

riendlv regimen could best satisfy the needs of this specific 
copulation, ideally without compromising local recurrence 
:ontrol and breast cancer sunT'al. Finally, a radiotherapy 
ecrmiaue that completely avoids including any of the lung or 
leart is Darticularly appealing in a patient population in 

vnich late cardiovascular effects might be added to preexist- 
ng iilness. 

Jesuits of Pilot Phase I Trial 
University of Southern California) 
•rom January 1997 to June 1998, we conducted a pilot 
lose-escalation studv of hypofractionated conformal EB- 
'BI external-beam radiotheraDy to the tumor bed in se- 
ected Dostmenopausal women with Tl breast cancers 
:onsecutiveiv seen at the University of Southern Califor- 
na.3 All Datients were required to be postmenopausal, 
vith nonDalpable, mammographically detected tumors 
neasurmg iess than 1 cm in diameter, which were excised 
vith negative margins, with pathologically negative axil- 
arv lymph nodes. The study randomly assigned cohorts of 

Datients each to 3 dose levels (5 fractions of 5, 5.5, or 6 
iv each, respectively, delivered over 10 days). Treatment 
vas round to be feasible in 9 of 10 consecutive Datients; 
tie onlv excluded patient had a tumor cavity that was 
•xtremelv lateral (in the tail of Spence), and it was deter- 
mned that she was best treated supine. With a minimum 
ollow-UD of 3 years, there were no recurrences and all 
catients had "good or excellent" cosmetic results. 

'reliminarv Results of the Subsequent 
Jhase l/ll Studv (New York University) 
Secaust ot these encouraging results, we designed a phase 
/II studv that opened at New York University in 2000 and 
s ongoing. Results on the first 47 patients entered (of the 

total accrual goal of 99 patients) have been recently report- 
ed.7'8 Five fractions of 6 Gy each are delivered over 10 
days, for a total dose of 30 Gy. After taking a planning CT 
in the prone position, the postsurgical cavity is defined as 
the clinical target volume (CTV), and a 1.5-cm margin lb 
added to generate the planning target volume (PTV). An 
"xample is given in Figure 3. In this case, opposed tangen- 
tial fields with 15° wedges were used. The corresponding 
lose-volume histogram results show that less than 45% of 
tie ipsilateral breast volume received more than 50% of 

the prescribed dose. 
For the 47 patients currently on study, the mean volume of 

the ipsilateral breast receiving 100% of the prescribed dose 
was 26% (range, I0%-45%), whereas the mean volume ofthe 
breast contained within the 50% isodose surface was 47% 

able 1  Biologically Equivalent Doses of Different Fractionation Schemes 

ndDoint <x/ß 50 Gy/25 fx 30 Gy/5 fx 60 Gy/30 fx 34Gy/10fx 

rvthema 8f 63Gys 53Gy8 75Gy8 48Gy8 

lesauamation 11f 59Gy,, 6Gy,, 71 Gy„ 45Gy,, 
elanqiectasia 4f 75Gy4 75Gy4 90Gy4 63 Gy4 

ibrosis 2* 100Gv2 120Gy2 120 Gy2 92Gy2 

umor control 4 75Gv4 75Gy4 90Gy4 63 Gy4 

umor control* 4 72Gv4 75Gy4 86Gy4 63 Gy4 

'""akinq into account cell proliferation during the course of treatment.19'3821 

Data from Archambeau et al.23 
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inure 3 (A) A set of transverse CT slices (acquired every 0.37 cm, but here displayed every 0.75 cm) for a prone EB-PBI 
reatment are shown, with isodose distribution around the tumor bed (CTV, shown in red) and around the PTV (shown 
n magenta). Opposed tangential fields with f 5° wedges were used to improve dose homogeneity. (B) Dose volume 
listograms of the treatment plan are shown. (Color version of figure is available online). 
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range, 23%-75%). The lung and heart were consistently 
:Darea. Acute toxicity was modest, limited mainly to grade 1 
o 2 ervthema. With a median follow-up of 18 months, only 
jraae 1 late toxicity has occurred, and no patient has devel- 
>Dea a local recurrence. 

-upine External-Beam Partial- 
breast Irradiation 

A/illiam Beaumont Hospital Experience 
he group at William Beaumont Hospital, near Detroit, 

niot-tested giving supine accelerated PBI in 9 patients, 
ismg active breathing control to compensate for breast 
novement related to resDiratory excursion.9 The dose- 
ractionation scheme initially chosen was nominally the 
:ame as in their brachvtherapy PBI experience. The first 
lve Datients received 34 Gy in 10 fractions, given twice 
lailv over 5 days, while the following four patients re- 
•eived 38.5 Gv in 10 fractions. The technique appeared to 
:>e feasible and well tolerated. 

Sased on this Dreliminary data, Vicini and colleagues10 

:onaucted a Dhase I-II study in 31 patients, using eligibil- 
tv criteria similar to those applied in RTOG trial 95 to 17. 
vlost Datients (29/31) had surgical clips placed at the time 
)i surgery to define the lumpectomy cavity. The CTV con- 
:isted of the lumDectomy cavity plus a 10- to 15-mm mar- 
nn. The PTV consisted of the clinical target volume plus a 
-cm margin to account tor breathing motion and daily 

rariabilitv of treatment setup. Active breathing control 
vas not used in this studv. In the first 6 patients, the 
prescribed dose was 34 Gy in 10 fractions given twice daily 
with a minimum 6-hour interfraction interval) over 5 

•onsecutive davs, whereas for the subsequent 25 patients, 
tie Drescribed dose was increased to 38.5 Gy in 10 frac- 
lons. The studv was designed to treat the clinical target 
"oiume with less than 10% inhomogeneity and to give a 
•omoaraDle or lower dose to the heart, lung, and contralat- 
•rai breast than standard whole-breast tangents. 

it the time of Dublication, the median follow-up time 
or this cohort was 10 months (Tange, 1-30 months). The 
>mv toxicity during treatment was grade 1 erythema. At 
tie initial 4- to 8-week follow-UD visit, 19 patients (61%) 

•XDenenced grade 1 toxicity and 3 patients (10%) grade 2 
:Kin toxicitv. No grade 3 toxicities were observed. The 
"emaming 9 patients (29%) had no observable radiation 
•ifects. Cosmetic results were rated as good or excellent in 
ill evaluable Datients at 6 months (n = 3), 12 months (n = 

1, 18 months (n = 6), and in the 4 evaluable patients 
ollowed more than 2 vears after treatment. The mean 
•overage oi the clinical target volume by the 100% isodose 
ine (IDL) was 98% (range, 54%-100%, median: 100%); 
ts coverage by the 95% IDL was 100% (range, 
)9%-100%). The mean coverage of the planning target 
'oiume bv the 95% IDL was 100% (range, 97%-100%). 
he mean Dercentage of the breast receiving 100% of the 

prescribed dose was 23% (range, I4%-39%), whereas the 
nean Dercentage ot the breast receiving 50% of the pre- 

scribed dose was 47% (range, 34%-60%). The study sup- 
ported feasibility of this approach and generated the back- 
ground experience for RTOG 0319. 

RTOG 0319: A Multicenter 
Jhase l/ll Trial to Evaluate 
ihree-Dimensional Conformal 
Radiation Therapy Confined to 
he Reqion of the Lumpectomy 

Cavitv for Stage I and II Breast Cancer 
This studv assesses the technical feasibility and acute toxicity 
of irradiating the region of the tumor bed (identified by sur- 
gical clips placed at the time of lumpectomy) with 3-dimen- 
sional conformal radiation theraDy. Eligible to the trial were 
newlv diagnosed breast cancer patients with stage I to II 
disease and negative margins of excision (at least 2 mm) aftei 
lumDectomy. Patients with up to 3 positive nodes were eligi- 
ble. Patients were excluded if thev had tumors larger than 
3 cm, lobular histology, or if an extensive intraductal com- 
nonent was present. A dose per fraction of 3.85 Gy was 
delivered twice dailv, with each treatment separated by a 
minimum of 6 hours, lor a total dose of 38.5 Gy given in 10 
consecutive fractions (delivered from Monday to Friday). 
The Dianned accrual of 46 patients was rapidly achieved. 
Results are not yet available. 

Other Studies 
A few other groups have begun studies of EB-PBI in the 
„upine position. These include investigators at Evanston 
Northwestern Health care in Evanston, IL (giving a dose of 
13.2 Gy in 16 once-daily fractions using intensity-modulated 
radiation therapy),30 and at the institutions of the Dana-Far- 
ber/Harvard Cancer Center in Boston, MA (giving 32 Gy in 8 
fractions, delivered twice daily, using conformal photon oi 
mixed photon-electron plans).31 So far, only very early re- 
mits are available that show such treatment is feasible with 
minimal acute toxicity. 

Potential Pitfalls of External- 
Beam Partial-Breast Irradiation 
Preliminary experience with EB-PBI has identified common 
problems that investigators are likely to encounter with this 
approach. One is the correct identification of the excision 
cavity. The ability of the radiation oncologist to correctly 
target treatment depends on the type of surgical technique 
used as well as the time interval between excision and treat- 
ment planning. Placing surgical clips at the time of segmental 
mastectomy to define the cavity boundaries has the advan- 
tage of permanently marking the site of excision, but migra- 
tion ol clips after placement has been reported, making 
reliance on the technique questionable.32 Usually, the post- 
operative cavity can easily be identified within a few weeks 
after lumpectomy because of the seroma that rapidly forms, 
which has fluid-like density and can be easily identified at CT 
planning. If there is too long of a delay between surgery and 
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iqure 4 (A) This patient was originally imaged 18 days after seg- 

nenial mastectomy. When the patient came to start treatment 10 

lavs later (28 days after surgery), it was noted that the ipsilateral 

breast contour had changed. (B) When imaged again, the postoper- 

ative seroma had Dartially resolved, with absorption of the air 

present at the first CT, and the contour and size of the breast had 

uso changed. A new treatment plan was developed. 

lmuiation. the cavity may be very difficult to see. However, 
i treatment Dlanning is done too soon, it is possible that the 
umDectomy cavity and breast will change in size and shape 
between the time of treatment Dlanning and initial treatment 
because of the resolution of Dostoperative changes. For ex- 
;mDie, Figure 4a shows a patient who, when first simulated, 
8 davs after surgery, had a large fluid collection with an air 

evel visible on CT. The iDsilateral breast was also enlarged 
;na deformed bv postoperative edema. Ten days later, when 
:ne came to start treatment (28 days from initial surgery), the 
:ize oi the breast had decreased, and it also became evident 
hat the excision cavitv had changed in size, as confirmed by 
; new treatment Dlanning CT (Fig. 4B). 

another concern is whether the dose chosen for EB-PBI is 
»aeauate for tumor control. We have addressed this issue in 

; recent manuscriDt that compares the biological effective 
loses used in PBI studies to those delivered to the tumor bed 
nv more standard whole-breast regimens of 50 Gy in 5 weeks 
>r wnole-breast DIUS boost regimens of 60 Gy in 6 weeks.33 It 
»Dpears that the BED values of most PBI protocols (with 
•ither external-beam or brachvtherapy techniques) resulted 
n tumor control BEDs roughly equivalent to a 50 Gy stan- 
lard treatment but consistentlv lower than the BEDs for reg- 
mens in which the tumor bed receives a total dose of either 
">0 Gv or 66 Gy. In view ot the results of trials demonstrating 
igniiicantly better local control when a boost is added to the 
umor bed,34'35 future studies of external beam PBI should 
:onsider whether a higher dose should be given. 

inallv, when large fraction sizes are used, differences in 
lormai-tissue radiosensitivitv are likely to be magnified. 
here are currently no predictive markers to determine 

vnich Datients will develop radiation-induced late toxicity. 
i and colleagues36 detected a significant correlation between 

oretreatment plasma levels of tumor growth factor-ß-1 (a 
nuitifunctional cvtokine implicated in tissue fibrosis) and 
he risk of severe fibrosis among patients treated with breast- 
:onservation theraDy. Other studies have revealed that spe- 
liic Dolymorphisms of the tumor growth factor-ß-1 pro- 
rioter gene could be associated with the development of 
:evere nbrosis. In 1 studv, patients with the — 509TT or + 
569CC genotypes were 7 to 15 times more likely to develop 
:evere nbrosis.37 HoDefully, studies of "radiation genomics" 
nav result in a panel of markers that can be used to prospec- 
lvelv detect "fibrosis-prone" individuals. 

uture Directions 
he Dhase III NSABP/RTOG protocol is described elsewhere 

n this issue bv Vicini and Arthur. Completing this study is 
critical to establish the role of PBI in the management of 
natients with early-stage breast cancer. Until then, any form 
of PBI remains experimental and must be conducted as part 
of a trial approved by an institutional review board. 
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N RESPONSE TO DR. ROOUES ET AL. 

"o the Editor: We would like to thank Roaues and colleagues for their 
merest and comments regarding our study. We agree that accuracy is the 
nain Driority in immobilization over patient comfort, but this randomized 
rial failed to show anv significant differences in accuracy between the two 
vpes of thermoplastic masks studied. 

Ve also agree that a low shoulder position is important in radiation 
heraDy for head-and-neck cancer patients, but we believe that this could be 
icnieved without using a head-shoulder mask (HSM). For instance, a head 
nasK (HM) could be used in combination with a shoulder retractor system 
straps with handles fixed to the treatment couch) to achieve a low shoulder 
position without increasing the risk of severe skin toxicity or claustropho- 
iia. 

t mav be true that the skin toxicity is high in our study, but regardless 
ii where the World Health Organization (WHO) Grade 3 toxicity occurred, 
he studv shows a statistical significant difference between the HM and the 
ISM. The highest grade of skin toxicity according to WHO was reported 
veeKlv, and even small areas of toxicity (for instance, in skin folds on the 
iecK or behind the ears') were reported. We also would like to point out that 
he two comDared groups of patients (using HM or using HSM) were similar 
n age, gender, tumor stage and site, type of treatment, beam energy, boost 
w electrons, and skin types. 

Ve did not find anv other studies that focused on the patients' experi- 
:nces oi using immobilization systems and were surprised that more than 
lalf (58%) of the patients experienced claustrophobia using the HSM and 
'5% of the natients using HM. However, all patients in our study were 
reated bv the same specialist-trained cancer nurses with long experience, 
is suggested by Roques et al., but we could not detect a statistical 
;igniiicant difference between patients using HM and patients using HSM. 

"he Durpose of our study was not to prove which type of fixation is the 
lest on the market. Instead our Durpose was to compare the two types of 
hermoDlastic masks that are being used at our department and to find 
dfferences that are detectable in a randomized trial. 

""Jew fixation devices are develoDed constantly and will hopefully im- 
prove the reproducibility. Some are commercially available and others 
'emain in use iocallv. The two types of thermoplastic masks compared in 
>ur studv were those in use clinically at the time of the study (and still with 
;iight alterations). We have failed to find any published data regarding the 
'eDroaucibility of the vacuum-formed PolyEthleneTerephtalate glycol 
PETG) mask in combination with the Norwich head rest, but would be 
nterested to take Dart of such data if there are any available. 

.ENA SHARP. R.N., M.Sc. 
!
REDDI LEWIN. M.D., PH.D. 

)eDdrtment of Oncology and Radiotherapy 
Carolinska Universitv Hospital 
Stockholm, Sweden 

ioi:10.1016/i.ijrobp.2005.03.020 

SIOLOGIC COMPARISONS OF PARTIAL BREAST 
RRADIATION SCHEDULES: IN REGARD TO ROSENSTEIN 

!T AL. (INT J RADIAT ONCOL BIOL PHYS 2004;60:1391-1404) 

"o the Editor: In the treatment of breast cancer, many plausible scien- 
lfic theories have Droved illusory when put to the test in clinical trials. The 
inicle bv Rosenstein et al. (1) contains much elegant mathematical and 
liologic analysis of various radiotherapy schedules used for partial breast 
rradiation (TBI), as well as an excellent exposition of the rationale for 
ising such techniques, but the conclusions they arrive at on the basis of 
heir calculations are undulv pessimistic, an assertion that has already been 
;nown to be correct in the clinic bv the gold standard of a randomized 
•ontrolled clinical trial. Thev conclude that, whereas certain PBI schedules 
ire likelv to be as effective as a schedule of 50 Gy in 25 fractions, they will 
ie clinicallv inferior to schedules giving higher doses (60-66 Gy) in 
ractions of 2 Gv. Correctly interpreted, the available data show that there 
s minimai clinical benefit in using the higher dose in the sort of patients 
nost likelv to be offered PBI. 

"he EuroDean Organization for Research and Treatment of Cancer 
EORTC) "boost" trial (2) is widely regarded as justifying the use of these 
ligher doses, but this is a misinterpretation of that pivotal trial, except for 
•enain readilv identifiable patients: the younger ones. It is worth reviewing 
hat EORTC trial in some detail. In its design, randomization between 

treatment arms was stratified for various factors; importantly, patient age at 
lme of entrv. The stratification was between those younger or older than 

40. (Incidentally, in the original publication, results for those who were 
older than 40 were presented in three groups, 40-50, 50-60, and older 
than 60 years, but statistically this lacks validity, because the stratification 
was simply two-way, so only two groups should have been considered). 
For the younger patients, whose "baseline" rate of recurrence was much 
higher, the absolute reduction of risk produced by use of a higher dose was 
substantial, and clinically as well as statistically significant. For older 
patients the absolute gain was minimal, even if statistically significant, 
because local control in the 50-Gy arm was already excellent. The data 
clearly show that for those older than 40 years, there is little additional 
benefit from higher doses, and it is suggestive that the impact of higher 
dose gets progressively less as patient age increases, but this latter con- 
clusion has to be tempered with caution for the statistical reasons just 
mentioned. 

The most rational interpretation of the EORTC study is that "low-risk" 
patients gain minimal or no benefit from doses higher than 50 Gy. Age is 
the most dominant predictor of risk in this trial, and this accords with 
numerous other studies, but other prognostic features have been widely 
recognized, such as vascular invasion, lymph node positivity, and extensive 
intraduct component. The authors refer to a "plateau" effect on the dose- 
response curve: the evidence from the EORTC trial points to 50 Gy as 
being very close to such a "plateau" for most older patients. They correctly 
identify that such patients are the ones most likely to be offered PBI. 

It is precisely for these low-risk patients that PBI is seen as an attractive 
option—and for such patients, 50 Gy should be regarded as the standard 
comparator among schedules using 2 Gy per fraction. If the biologic 
calculations of Rosenstein et al. are correct, the better PBI schedules will, 
clinically, be perfectly adequate. Clinical confirmation of this hypothesis is, 
of course, still awaited. 

DAVID A. L. MORGAN, M.B. 
Nottingham City Hospital NHS Trust 
Nottingham, United Kingdom 

Hoi:10.1016/j.ijrobp.2005.02.054 

1. Rosenstein BS, Lymbers SC, Formenti SC. Biologic comparisons of 
partial breast irradiation schedules. Int J Radiat Oncol Biol Phys 2004; 
60:1391-1404. 

2. Bartelink H, Horiot JC, Poortmans P, et al. Recurrence rates after 
treatment of breast cancer with standard radiotherapy with or without 
laditional radiation. N Engl J Med 2001;345:1378-1387. 

IN RESPONSE TO DR. MORGAN 

"o the Editor: We completely agree with Dr. Morgan's opening state- 
ment with regard to the necessity to test any hypothesis or theory in the 
;etting of clinical trials: this is in fact the last sentence in the conclusion of 
>ur article (T). 

Regarding the correct interpretation of the available data and, in partic- 
ular, of European Organization for Research and Treatment of Cancer 
(EORTC) Trial 22881: at the 2004 European Society for Therapeutic 
Radiology and Oncology (ESTRO) meeting, Antonini et al. presented the 
'esuits on local control and age from the EORTC Trial 22881, with the 
updated follow-up of 77.5 months (range, 0.53-147.5 months). Quoting 
from the published abstract: "On the relative hazard scale, there is no 
evidence that the effect of the boost treatment on local control depends on 
age (p = 0.871)" (2). Regarding the correct interpretation of our conclu- 
sions: we stress the importance of patient selection for partial breast 
irradiation (PBI), a point we have made before (3-5). Accrual to our 
current trial of prone PBI is limited to selected postmenopausal women 
who are treated by 30 Gy in five fractions. In fact, we have hypothesized 
that such a dose could be sufficient in this population. As stated in the 
recent manuscript about this trial, "whether the hypofractionated regimen 
(30 Gy in five fractions within 10 days) will be revealed as adequate in 
ensuring tumor control in the carefully selected population studied in this 
trial warrants long-term follow-up" (4). 

Through radiobiologic modeling, we wanted to stress the difference 
between currently used PBI regimens and standard whole-breast radiother- 
apy, a relevant exercise in view of the fact that many current PBI trials are 
offered to women of any age, with the same potentially insufficient dose. 

Stindard adjuvant whole-breast radiotherapy is a highly effective com- 
ponent of breast conservation: "lesser" regimens require cautious explora- 
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ion. including initial patient selection criteria that reflect what we already 
•aiow. Ignoring heterogeneity of breast cancer and its distinct natural 
listorv in different age groups, including patterns of local recurrence, is 
miikelv to foster progress in this field. 

JILVIA C. FORMENTI. M.D. 
JTELLA C. LYMBERIS. M.D. 
ieDartment of Radiation Oncology 
>(YU School of Medicine 
>(ew York. NY 

!ARRY S. ROSENSTEIN. PH.D. 

ieDartment of Radiation Oncology 
Vlount Sinai School of Medicine. 
Sew York, NY and 
ieDartment of Radiation Oncology 
^YU School of Medicine 
*w York. NY 
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vIINIMIZING URINARY BLADDER RADIATION DOSE 
)URING BRACHYTHERAPY FOR CARCINOMA OF THE 
CERVIX USING BALLOON INFLATION TECHNIOUE: IN 
JEGARD TO MALAKER ET AL. (INT J RADIAT ONCOL 

HOL PHYS 2005:61:257-266) 

"o the Editor: It was with great personal interest that we read the article 
w Malaker et al. (1) on the reduction of bladder radiation dose during 
jrachvtherapy for cervical cancer using balloon inflation technique. With 
:xtensive exDerience using balloon catheters to minimize bladder and 
'ectal dose during gynecologic brachytherapy at our institution, we have 
ncoroorated the balloon catheter technique as a standard of care and have 
•vrnten extensivelv on this subject (2, 3). It was thus with surprise that we 
bund no references to the work we have alreadv done in the very journal 
hat Malaker's article is printed. Perhaps this oversight is also shared 
martially by the reviewers. 

n addition, there are some technical issues we would like to point out. 
!igure 2 of the article shows lateral simulation films of the uterine appli- 
•ators in situ, in which the tandem is clearly placed too anteriorly in 
'elation to the ovoids. Although the purpose of the film is to show the 
dsDlacement of the bladder that can be achieved by inflating the balloon 
•atheter. we also advocate correct placement of the applicators, especially 
n a Dublished article. 

t is also arjparent from these simulation films that no internal shields 
•vere usea with the ovoid arjplicators. Using such shields is a practice 
:tandard at our institution and the lack of such shields mav have very well 
:Kewed the bladder ("and rectal) exposure. 

Next, the use of the distal opening of the catheter as an anchor to the 
andern, though resourceful, does not take into account variations seen in 
patient anatomy, particularly location of the bladder. Some bladders sit 
nore cerjnalad, others more caudal. In our institution, adjustments often 
lave to be made in the Dlacement of the balloon catheter if the bladder does 
lot sit directlv above the balloon. This involves deflating the balloon, 
nailing the adjustment, then reinflating the balloon with another simulation 
ilm taken. Therefore, the authors' technique may not be practical for all 
patients. 

In summary, the authors' findings only served to confirm what we have 
already demonstrated—that balloon catheters can reduce unnecessary dose 
to the bladder, although we have conclusively shown that rectal dose can 
also be reduced (2). Nevertheless, we are happy to learn of the authors' use 
ii the balloon inflation techniaue and look forward to seeing the use of 

balloon catheters incorporated as a standard of care in more centers besides 
our own. 

JOIN Y. LUH, M.D. 
TONY Y. ENG, M.D. 

-LIFTON D. FULLER, B.S. 
Department of Radiation Oncology 
University of Texas Health Science Center at San Antonio 
San Antonio, TX 

uoi:10.1016/j.ijrobp.2005.03.016 

'. Malaker K. Shukla V, D'Souza H, et al. Minimizing urinary bladder 
radiation dose during brachytherapy for carcinoma of the cervix using 
oalloon inflation technique. Int J Radiat Oncol Biol Phys 2005 ;61:257- 
"66. 

2. Eng TY, Fuller CD, Cavanaugh SX, et al. Significant rectal and bladder 
dose reduction via utilization of Foley balloon catheters in high-dose- 
rate tandem and ovoid intracavitarv brachytherapy of the uterine cervix. 
Int J Radiat Oncol Biol Phys 2004;59:174-178. 

3. Eng TY, Blough M, Sadeghi A, et al. An innovative concept of 
high-dose-rate (HDR) radiation treatment with intracavitary inflatable 
balloon for endometrial carcinoma. Int J Radiat Oncol Biol Phys 
2004;60:S488. 

IN RESPONSE TO DR. LUH ET AL. 

To the Editor: For potential users of the balloon inflation technique for 
cancer of cervix, we would like to respond to the issues raised by Luh and 
ing to inform practicing colleagues. We were happy to learn of the 
taoDtion elsewhere of a balloon inflation technique for treatment of cancer 
II the cervix, a technique that we previously described in our widely 
nternationallv circulated Annual Report of 2002 (1), a copy of which is 

available on reauest. After submission of our article to this journal in 
August 2003 (2), we subsequently learned of its application at the Univer- 
sity of Texas Health Science Center at San Antonio after publication of an 
article by Eng et al. (3) in May 2004. 

Regarding the anterior placement of the tandem, Fig. 2 in our original 
uncle was included as an example to demonstrate that, even when it is 
markedly anteriorly placed, the dose to the bladder is reduced by increasing 
the separation between the tandem and the bladder. Second, spherical 
ovoids tend to hold the tandem on their curved surfaces as they meet 
together; as a result, the tandem is pushed upward. However, if cylindrical 
ovoids are used, the tandem will lie in the middle of the ovoids; this is the 
system we usually use. Consequently, if the patient has posterior packing 
behind the tandem in the gap between the two ovoids, it holds the lower 
end of the applicator system and, if the packing is done satisfactorily, this 
would not be a practical problem in performing this procedure. 

It should also be noted that by lifting the vaginal portion of the appli- 
cator, it acts as a retractor, and posterior packing becomes relatively easy. 
In this case, posterior packing can be done well under direct vision and 
posterior displacement of the rectum can be assured, thus helping to reduce 
the rectal dose. 

Shielded ovoids can be employed, but the BrachyVision computer 
calculation system we use does not allow for a shielded applicator (4). Any 
shielding correction would have to be applied to the results determined by 
the BrachyVision system by a physicist, but the perturbation effect of the 
shielding cannot readily be calculated, nor is there a program available to 
our knowledge to incorporate a shielding correction into the calculation 
module. Consequently, although in principle it may be a good idea because 
we do not have an accurate method of calculation, we have chosen to 
employ the approach of increasing the distance to the rectum by packing 
and to use an accurate method of calculation rather than using less packing 
and a dose approximation. 

With regard to the distal opening of the catheter, it must be used as an 
anchor to the tandem to make it secure against slipping, because, if the 
packing is not done with care, when the balloon is inflated, it can slip 
backward and between the ovoids or sideways, defeating the whole pur- 
pose of the exercise. 



-LSEVIER 

ETTERS TO THE EDITOR 

. J. Radiation Oncology Biol. Phys., Vol. 66, No. 2, pp. 630-634, 2006 
-ODyright © 2006 Elsevier Inc. 

'rinted in the USA. All rights reserved 
!360-3016/06/$-see front matter 

N REGARDS TO GLATSTEIN: THE WHIRLIGIG OF TIME 
INT J RADIAT ONCOL BIOL PHYS 2006;65:322-323) 

"o the Editor: In response to the editorial by Dr. Glatstein (1), I, as a 
'aaiation oncologist with many years of academic and private practice 
:xDenence, have the following comments. First, medical school curricula 
leea to have a separate course in which the medical student can get a 
vetl-balanced education in oncology. It is my observation that new grad- 
ates and primary care physician have limited knowledge of various 
natignancies. Second, in the residency program of radiation oncology, we 
leea to put emphasis on caring for patients and being physicians first, 
'amer than putting too much emphasis on the technical side. Being a 
Miysician who is able to address day-to-day problems is of paramount 
mportance, and implementing daily hospital rounds and respond to ER 
•ails provides invaluable experience. Third, it is true that we have made 
vonaerful advances in the technical portion of radiation oncology, but we 
;nould not forget the day-to-day care of patients and their needs. Fourth, 
he follow-up process is a very important part of the practice of radiation 
mcoiogy, and we should not delegate the process of follow-up to other 
Miysicians. It is truly a learning experience for the natural history of 
natignancies as well as for the early and late side effects of radiotherapy. 

' he time has come to join forces and work together to reinvent cancer 
eaching at the medical schools, as well as to place emphasis on radiation 
mcoiogy residency programs so they are producing oncologists that are 
•ommitted to the long-term care of patients. 

IAMED H. TEWFIK. M.D. 
iepartment Radiation Oncology 
owa Citv Cancer Treatment Center 
owa City, IA 

ioi:10.1016/i.ijrobp.2006.06.046 
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EXTERNAL BEAM PARTIAL-BREAST RADIOTHERAPY: 
:RUCIAL DIFFERENCES BETWEEN NYU 00-23 AND RTOG 

)319: IN REGARD TO VICINI ET AL. (INT J RADIAT 
)NCOL BIOL PHYS 2005:63:1531-1537) 

"o the Editor: We have read with interest the first report of Radiation 
' herapy Oncology Group (RTOG) 0319 by Vicini et al. (1). Although the 
lesign and the main intent of the RTOG study were similar to those of New 
'ork Universitv (NYU) 00-23, it is important to carefully consider the 
•ruciai differences between these two trials of partial-breast external beam 
'aaiotherapy to interpret the data correctly (2). 

Vith respect to eligibility criteria, only women who declined a standard 
'egimen of 6 weeks of conventional breast radiotherapy were entered into 
•^YU 00-23. Moreover, a specific cohort of women at a particularly low 
'isk of recurrence was selected for this trial (nonpalpable primary tumor, 
;tage pTlpNOMO, with negative surgical margins measuring at least 
. mmY 

n NYU 00-23. both the dose and the fractionation schedules differed 
rom those used in RTOG 0319. A dose of 600 cGy was delivered once a 
lav in 5 fractions over 10 days to a total dose of 3,000 cGy. Although on 
'aaiobiologic grounds the two regimens were predicted to have comparable 
:fficacv (3), the NYU protocol is arguably more convenient for patients 
jecause it does not reauire two treatments per day and therefore reduced 
he number of visits to the radiation facilitv by half in comparison with the 
rrOG study. 

lowever. the most crucial differences concern the technique and the 
losimetric data. Prone positioning did not require any additional margin to 
•ompensaie for respiratory motion (4) and, in NYU 00-23, the surgical 
•avuv was easily identified by computed tomography imaging without any 
leea to relv on surgical clips (5). 

In addition, although both studies tested the feasibility of three-dimen- 
sional conformal radiotherapy and although the field arrangements were 
;eiected at the discretion of the treating physicians, the treatment technique 
jnd the number of fields employed were different. RTOG 0319 used 
multiple fields that differed according to tumor laterality: four for right- 
sided lesions and five for left-sided ones. In contrast, NYU 00-23 over- 
whelmingly used a pair of parallel-opposed minitangents. The simplicity of 
the NYU approach assured a reliable daily setup, easily confirmed by portal 
imaging obtained before each of the five fractions. It was therefore also 
likely to be more easily reproducible in a multiple-center setting. 

Another crucial difference involved permissible dose to nontarget crit- 
ical tissues. In all 47 patients treated, the only dose received by thyroid, 
contralateral lung, and heart was dose from internal scatter and leakage 
from the head of the collimator. In fact, the NYU 00-23 study required that 
field arrangements be designed to completely avoid the contralateral breast, 
the contralateral lung, the heart, and the thyroid. The ipsilateral lung was 
permitted to receive up to 5 Gy (16.7% of the dose prescribed to the tumor 
bed), but only to a volume not exceeding 10% of the ipsilateral lung. In all 
47 patients, these constraints were satisfied. 

We believe the enumerated differences are both relevant and crucial and 
that the technique employed in NYU 00-23 presents several important 
strengths, including its potential for large-scale reproducibility and its 
improved toxicity profile with respect to reducing the risk of long-term 
complications (6, 7). 
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IN RESPONSE TO DR. FORMENTI ET AL. 

To the Editor: We thank Drs. Formenti, Wernicke, and DeWyngaert for 
their comments regarding Radiation Therapy Oncology Group (RTOG) 
0319 (1) and their partial-breast irradiation (PBI) technique. It is critical 
that additional methods to deliver PBI with three-dimensional (3D) con- 
formal external-beam radiotherapy (EBRT) are investigated to determine if 
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his conceDt is practical, reproducible, and equivalent to conventional 
•vnole-breast irradiation. We would, however, like to make some additional 
•ommenis related to several of the issues they discussed. 

!irst. patient selection criteria for our study were based on recommen- 
lations from the American Brachvtherapy Society and the American 
Jocietv of Breast Surgeons and also match criteria used to generate the 
:xceilent long-term local control rates observed in the numerous published 
'hase I/n studies addressing this issue (2). The more restrictive selection 
•nteria used bv the authors (although very reasonable) potentially overlap 
vith criteria used to identifv patients who may not require any radiation at 
ul. It has alwavs been our belief that PBI may be most optimally suited for 
hose subsets of "intermediate-risk" rmtients who clearly do not require 5 
o / weeks of conventional whole-breast radiation but who would do 
:ignificanfly better than with no radiation at all. Only data from the 
lumerous ongoing Phase III trials of PBI will help clarify the selection 
•nteria for this techniaue to be optimally applied. 

Jecond, the dose fractionation schedule we selected was based both on 
'aaiobiologic calculations and preliminary toxicity results generated from 
mDlished data applying this identical technique and fractionation schedule 
3). Larger fraction sizes (although more convenient) were avoided out of 
•oncerns that these larger doses per fraction could potentially result in 
iigniiicantly increased late toxicity (as experienced in the Phase III trial of 
'BI using EBRT from the Christie Hospital, where fractions of 531 cGy 
vere given [4]). If similar rates of local control and toxicity can be 
)Dtained. the 3D conformal PBI technique with the least number of 
ractions will obviouslv be the most convenient for patients. Until this 
roumal fraction size is identified, it is important that several different 
icnedules are tested, because most of these fraction sizes and total doses 
ire Dased on radiobiologic estimates and not long-term toxicity data. 

' hird. we agree that the supine technique used in our study has certain 
practical limitations, as does any PBI technique (including the author's 
irone technique). Regarding the normal tissue dose constraints that were 
:stablished in our Drotocol, these were mandated to prevent the use of 
inusuai beam angles that could potentially increase normal tissue doses. As 
loted in the trial, this was not necessary because these criteria were easily 
net in the vast majority of patients. It should also be noted that our 
echnique has been shown to result in lower doses to normal tissues than 
•onventional whole-breast irradiation with tangential fields (5). 

!inallv, we strongly encourage the investigation of other techniques to 
leliver PBI (including brachytherapy), because it is our belief that no 
:ingie technique is applicable to all patients. In recognition of this impor- 
ant Doint, we are allowing three different PBI techniques (including the 
echniaue investigated by the authors) to be used in the NSABP B39/ 
ITOG 0413 Phase III trial comoaring PBI to whole-breast radiation. These 
hree techniaues include the MammoSite breast brachytherapy catheter, 
•atheter-based interstitial brachvtherapy, and 3D conformal EBRT. As of 
vlarch 31. 2006, >1,000 patients (33%) have been successfully enrolled in 
he trial with more than 70% of the PBI patients treated with the same 3D 
•oni'ormal EBRT technique used in RTOG 0319. 
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LINEAR QUADRATIC MODELING OF INCREASED LATE 
NORMAL-TISSUE EFFECTS IN SPECIAL CLINICAL 

SITUATIONS: IN REGARD TO JONES ET AL. 
yINT J RADIAT ONCOL BIOL PHYS 2006;64:948-953) 

To the Editor: This is in reference to the article by Jones et al. published 
in your esteemed journal (1). I wish to draw your kind attention that in my 
opinion there are some major flaws, which do not explain the proper 
mathematical formulation. 

The authors have described a late tissue isoeffect by the following 
equation: 

a-Nltmd\ + ßidi) _     -JV2<ai<fe+0i<<5) (1) 

The subscripts 1 and 2 refer to the dose in the unsensitized state and in the 
sensitized state, respectively. 

However, Equation 1 should be written as: 

-JV,OM, + 0,rf|) _     -N2(md2+ß2d\) 
(1) 

In the same mathematical derivation, the authors have multiplied Equation 
4 throughout by a, and achieved Equation 9, which is: 

a, • BED„, a,   BED.. (9) 

However, in my opinion, it needs correction in that only if we multiply 
Equation 7 throughout by a, can we achieve Equation 9. If it is not so, it 
needs explanation. 

This is for your information and evaluation. 

ABHUIT MANDAL. M.SC, DIP. R.P. 
Institute of Medical Sciences 
Banaras Hindu University 
Uttar Pradesh, India 

doi:10.1016/j.ijrobp.2006.05.048 

1. Jones B. Dale RG, Gay a AM. Linear quadratic modeling of increased 
late normal-tissue effects in special clinical situations. Int J Radiat 
Oncol Biol Phvs 2006;64:948-953. 

N RESPONSE TO DR. MANDAL 

To the Editor: We are grateful that the typographical error in our Eq. 1 
has been detected. This shows the difficulty of assessing on-screen sub- 
:cnms in exponentials. 

Our Eq. 1 should be presented as: 

rom which: 

-W,(a,,il+01<i,2) =    -«202*+ft«i2
2) 

M^aA + J3id?) = N2(a2d2 + ftd^ 

(1) 

(2) 

where all subscripts 1 refer to the unsensitized state and subscripts 2 the 
sensitized state for a given isoeffect. 

Tf a2 = xct) and J32 
= *2ßi, men me BED equations for nonsensitized 

and sensitized states are: 

/ d-    \ /        x d2 

\  U)/    \ \* 
This equation can be expressed in words as: 

(3) 
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Partial-breast irradiation (PBI) is becoming a 
new paradigm for breast cancer radiation, as 
discussed previously by Professor Sarin in this 
journal.1 No type I or type II evidence is currently 
available to demonstrate equivalence of this tech- 
nique to standard whole-breast radiotherapy, 
and a prospective randomized trial jointly spon- 
:orea bv the NSABP and RTOG (NSABP B-39 
ma RTOG 0413) is currently accruing patients 
o coniüare whole breast radiotherapy with PBI, 
•>Lrrormed either by brachytherapy or external- 
jeam techniaues. Until the results of this or 
amiiar trials are available PBI remains a research 
lomain and should be offered to patients only in 
he context of a clinical experimental protocol. 

Respite the fact that less extensive experience is 
ivaiiable for external-beam PBI than for brachv- 
herapy, PBI delivery through an external-beam 
iüproacn presents many advantages. Firstly, 
•xiernal-beam PBI is likelv to be more acceptable 
o the Datient since it is noninvasive and does 
ioi reauire a surgical procedure or anesthesia. 
vloreover, since external-beam PBI is delivered 
irter surgery the pathological analysis of the 
:egmenial mastectomy specimen is available to 
dentifv the best candidates for this approach. 
Secondly, external-beam PBI is likely to become 
nore widely reproducible than brachytherapy, 
:mce successful application of external-beam 
'BI does not relv on the experience and skills of 
he radiation oncologist, unlike brachytherapy. 
"hirdlv, once the technique of external-beam 
'BI is established, it can be widely applied at 

any racility that has a linear accelerator. Some 
brachytherapy approaches cannot be completed 
because of the unfavorable interplay of the 
patient's anatomy with the technical limitations 
of the applicator.2 External-beam PBI does not 
present this problem. Finally, in terms of health 
;are economics, an external-beam approach 
spares xhe costs of an extra surgical procedure 
ma those of several davs of hospitalization (in 
the case of low-dose-rate brachytherapy).3 

H.xternal-beam PBI was originally tested in 
a prospective randomized trial at the Christie 

Hospital in Manchester, UK. This trial compared 
external-beam PBI with radiation of the whole 
breast and associated nodes.4 After a follow-up 
of 65 months, while survival in the two arms 
was comparable, the local recurrence rate in 
the external-beam PBI arm was double that 
of the whole-breast radiation arm (20% versus 
11%). Noticeably, patients with tumors as large 
as 4 cm in diameter were eligible for the trial, and 
external-beam PBI was delivered by 8 or 12 MeV 
dectrons with a generally small target field, 
without the imaging support currently avail- 
able to target the tumor bed. Certain histological 
characteristics of the primary tumor—lobular 
type and presence of ductal carcinoma in situ 
in the specimen—were more likely than others 
to be associated with recurrence of the primary 
tumor. Conversely, in patients with infiltrating 
ductal carcinomas treated by PBI, the failure rate 
outside the original quadrant was only 5.5%. 

This experience informed the careful patient 
selection in the contemporary external-beam 
PBI clinical trials, which limit eligibility to 
patients with small tumors and negative 
margins of resection, and without an extensive 
intraductal component.3~8 The clinical target 
volume (CTV) usually consists of the tumor 
cavity, which is visualized at CT planning, plus 
1-1.5 cm of margin. An extra 1-2 cm is added to 
the CTV to render the planning target volume 
(PTV), which takes into account some variability 
in the position of the patient from day to day. 

A prone approach for external-beam PBI 
has been tested at New York University in a 
clinical trial sponsored by a grant from the US 
Department of Defense Breast Cancer Research 
Program. Results for the first 47 patients accrued 
have demonstrated feasibility7 Eligibility for 
enrollment into this study is limited to post- 
menopausal women with nonpalpable, mammo- 
graphically detected tumors. In addition, the 
protocol requires patients to have first refused to 
undergo the standard 6 weeks of radiotherapy. 
Five fractions of 6 Gy are delivered to the PTV 
over   10 days   (Monday-Wednesday-Friday, 
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vlondav-Wednesday). This dose and fractiona- 
lon schedule was calculated bv radiobiological 
"noaeling and was predicted to be as effective 
n terms of tumor control as 50 Gv in 25 frac- 
10ns. while maintaining a risk of fibrosis at the 
umor bed comparable to that of a standard 
•egimen of 60Gy in 30 fractions/'9 An a/ß = 4 
or tumor control was used, and its validity was 
oniirmed in 2006 bv the results of a prospec- 
lve randomized trial that compared hypo- 
ractionated with standard fractionation of 
vnole-breast radiotherapy10 

ITOG tested conformal external-beam PBI in 
he supine position in a phase I—II trial (RTOG 
)319), which rapidly accrued its target popula- 
lon of 58 patients.8 Through multi-institutional 
iccruai, this important trial confirmed the 
easibilitv of external-beam PBI in the supine 
losnion. Ten fractions of either 3.4 Gy or 
:.85Gv were delivered twice a day, separated 
rv an interval of 6 h, to a total dose of 34 Gy or 
:8.5Gv. The dose and fractionation schedules 
vere cnosen to mimic those widelv used for PBI 
vnh brachvtherapy, on the basis of the original 
issumpuon of a/ß= 10 for tumor control. 

vt a verv early follow-up point of 2-3 years it 
vas encouraging to notice that external-beam 
'BI had achieved excellent local tumor control 
ma cosmetic results, with either prone or 
:upme patient positioning. The results of prone 
•xiernal-beam PBI are slightly superior to those 
)f supine external-beam PBI in terms of normal 
issue sparing, owing to the fact that when the 
laxient is in the prone position the treating beam 
an De directed to avoid exiting through the rest 
)f the bodv.11 Supplementary Figures 1A and 
B online exemplify a case in which the prone 

losnion enhances conformality and reduces the 
lose to normal tissue. 

Several important challenges remain regarding 
he optimum role and implementation of 
•xiernal-beam PBI, which include establishing the 
'TV and CTV (in view of the natural evolution 
>ver ume of the tumor cavity), selecting the most 
•eproaucible conformal technique, and deter- 
Timing ihe optimum accelerated fractionated 
•egimen over 5 days. 

n conclusion, accelerated regimens of 
•xiernal-beam radiotherapy are rapidly 
becoming a standard radiation approach after 
jreast-conserving surgery. Until equivalence 
)f PBI to whole-breast radiotherapy is proven, 

targeting the whole breast to provide additional 
protection from recurrences elsewhere in the 
index breast is likely to be safer.10'12 It is conceiv- 
able, however, that in specific patient subsets PBI 
will adequately treat the initial tumor site, while 
a systemic approach (tamoxifen or other anti- 
hormonal therapy) can be added to reduce the 
risk of new tumors in the residual breast tissue 
in both breasts. 

SuDplementary information in the form of a 
figure is available on the Nature Clinical Practice 
Oncology website. 
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